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Various investigators, including Durairaj (1956), Thind and Randhawa 
(1957, 1957^2), Misra and Mahmood (1960, 1960a\ Agnihotri (1961), Ghaturvedi 
(1961), Misra and Dutta (1963), Rai and Chohan (1966) as well as Agnihotri 
and Prasad (1966) have studied the nutritional requirements of Colletotrichum 
capsid ; but very little attention has b^en paid towards the time taken in the 
utilization of different monosaccharides. Some of them are most frequently 
encountered by fungi in nature, either as such or as component units of oligo- and 
polysaccharides. 

In the present study the utilization of monosaccharides by three plant patho- 
genic isolates of C. capsid been studied chromatographically. 

Materials and Methods 

Single- spore cultures of C. capsid obtained from the infected leaves of 
Codiaeum variegatum (Isolate-A), Manihot esculenta (Isolate-B) and Solanum melongena 
(Isolate-G) were employed. They were grown on a number of media and on the 
basis of the results it was decided to use glucose, 10*0 g ; KNOg, 3*5 g ; KH^PO^, 
T75 g ; MgSO^. 7H.^O, 0*75 g and distilled water 1000 ml as the basal medium. 
In order to study the influence of various monosaccharides, L( 4- ) arabinose, 
D-xylose, L-rhamnose. D -glucose, D -fructose, D-galactose, L-sorbose and 
D -mannose, they were substituted singly in place of glucose and their quantity 
was so adjusted as to furnish 4 g of carbon per litre. The most suitable pH for 
isolates A, B and G was found to be 6*0, 5*0 and 5*5, respectively. The pH of 
media for subsequent studies was adjusted to the most suitable level in each case. 
Other methods used were similar to those mentioned by Lai and Tandon (1968). 

Results 

The dry weight, final pH and time taken for the utilization of monosaccha- 
rides have been recorded in table 1. 
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TABLE I 

Showing average dry weight, change in pH and utilization of diferent monosaccharides 
by three isolates of capsici. 

Isolate-A Isolate-B Isolate-G 

Days of Dry Sugar Dry Sugar Dry Sugar 

Sugar incuba- Wt. pH present Wt. pH present Wt, pH present 
tion mg. days mg. days mg. days 



5 

390 

6-1 


44-6 

5-8 


27-0 

5-8 


Arabinosc 

10 

98-5 

8-2 

10 

98-0 

8-2 

8 

41-6 

7-0 

15 


15 

92-0 

8-2 


93-0 

8-2 


80-0 

8-2 



5 

38-2 

6-1 


23-4 

6-4 


28-9 

6-4 


Xylose 

JO 

97-4 

7-0 

9 

43-4 

7-3 

14 

66-0 

7-0 

14 


15 

88'8 

7-6 


57-8 

8-0 


76-3 

8-2 



5 

20-4 

6-4 


25-8 

5-5 


31-8 

5-5 


Rhamnosc 

iO 

39-4 

7-0 

15 

46-5 

6-7 

15 

76-7 

5-8 

12 


15 

52-6 

7-6 


66-5 

7-6 


94-6 

7-3 



5 

59-1 

6-7 


43-3 

6-7 


49-3 

6-7 


Glucose 

10 

118-5 

7-0 

7 

105-0 

7-0 

10 

102-4 

7-0 

8 


15 

109-4 

7-3 


98-0 

7-3 


94-8 

7--3 



5 

27-9 

5-5 


32-3 

5-5 


42-5 

6-7 


Fructose 

10 

57-1 

6-7 

15 

69-5 

6-7 

10 

75-4 

7-0 

7 


15 

96-5 

7-3 


64-6 

7-3 


67-3 

7-3 



5 

24-3 

6-1 


22-7 

6-1 


2‘l-8 

6-1 


Galactose 

10 

60-9 

7-3 

14 

43-8 

7-3 

15 

56-9 

7-0 

15 


15 

81-6 

7-3 


73-5 

8-2 


66-2 

7-3 



5 

24-4 

6-1 


20-0 

6-1 


23-0 

5-8 


Sorbose 

10 

47-2 

6-4 

15 

45-0 

6-4 

15 

38-9 

6-1 

15 


15 

56-4 

7-0 


59-2 

7-0 


43-2 

7-0 



5 

49-0 

6-1 


34-7 

5-8 


48-5 

5-5 


Mannose 

10 

94-0 

6-7 

11 

98-4 

6-1 

10 

107-4 

6-1 

11 


15 

100-6 

7-3 


92-0 

8-2 


101-9 

7-0 



Disciision and Conclusion 

Table 1 indicates that C. capsici isolates A and B utilized araKinAQA in i 
8_days, respectively, while isolate G failed to do so even in 15 d vf c ■ 
piclus Hassk. isolate of C. capsici (Ghaturvedi 1 c ) was rHff .r^nt t ^ '"^ctndapsus 
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in 9 days by isolate A but other isolates consumed it in 14 days. Another isolate 
studied by Ghaturvedi (l.c.) required 8 days before it could finish the sugar from 
the medium. 

Isolate C could utilize rhamnose in 12 days while the other two isolates ol 
the same sp' cies failed to consume it in 15 days. C, capsid (Chaturvedij l.c.i 
required 1 1 days for this purpose. The behaviour of isolate A was similar to the 
isolate studied by Ghaturvedi (Lc.) as it took 7 days to utilize glucose from the 
medium but other two isolates (B and Gj finished this sugar in 10 and 8 daySp 
respectively. 

Fructose was utilized in 7 and 10 days by isolates G and B respectively but 
isolate A failed to consume it in 15 days. Only isolate A could finish galactose in 
14 days while the other isolates failed to utilize it within 15 days. The behaviour 
of another isolate studied by Ghaturvedi <Lc.) was different in this respect as it 
took only 7 days to assimilate galactose from the medium. 

All the organisms showed poor utilization of sorbose. None of them could 
consume it in 15 days. Isolate B utilized mannose in 10 days, while the remaining 
isolates took one day more for this purpose. The isolates of the same species 
studied by Ghaturvedi (l.c.) took 7 days to consume mannose from the medium. 

It is thus clear that out of all the monosaccharides, glucose was utilized 
earlier, while sorbose was consumed very slowly. The rate of utilization oi 
diflferent sugars by various isolates of the same species exhibited marked variation. 
It is also evident from the above results that there was an increase in dry weight 
upto the end of the incubation period in ail the cases where the rate of assimila- 
tion of a sugar was slow but the dry weight in later stages of incubation decreased 
whenever the sugar was consumed upto 10 days except in isolate G on mannose 
where a decrease was evident even though it was consumed on the 1 1 th day. 
The drift in pH showed more or less similar trend. At the end of the incubation 
period it generally increased and became either neutral or alkaline. 

Summary 

Utilization of eight monosaccharides, vi^., L(-f) arabinose, D-xylose, 
L- rhamnose, D-glucose, D-fructose, D-galactose, L-sorbose and D~mannose, by 
three isolates ol Colleto trichum capsid obtained from leaf-spot disease of Codiaeum 
variegatum, Manihot esculenta and Solarium melongena, respectively, was studied. 
Ghromatographic analysis of the culture medium indicated that glucose was 
rapidly assimilated by all the isolates, while sorbose was utilized at a very slow 
rate. Difierent isolates showed marked variation in the time taken for the 
utilization of various monosaccharides. In all cases the pH of the media exhibited 
a drift towards neutrality or alkalinity. In all cases where the sugar was con- 
sumed from the medium by 10 days the maximum dry weight was observed on the 
1 1 th day ; but generally the dry weight continued to increase where the rate of its 
utilization was slow. In such cases the maximum weight was observed on the 16th 
day. The results have been compared with other isolates. 
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Utilization of Monosaccharides by five isolates of 

Colleiotrichum gloeosporioides Penz. 

By 
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The time taken in utilization of different monosaccharides by various fungi 
varies consid-^rably. An attempt has, therefore, been made to undertake 
chromatographic study of the rate of utilization of various monosaccharides by 
five isolates of CoUetotrichum gloeosporioides Penz. 

Materials and Methods 

The organisms under study were isolated from diseased leaves of Artocarpus 
heterophylla Lam., Annona squamosa L., Mussaenda frondosa Linn., Codiaeum variegatum 
Blume and Manihot esculenta Crantz and in subsequent discussion they have been 
mentioned as* isolatf s A, B, G, D and E, respectively. Single-spore cultures were 
prepared with the help ol dummy cutter objective. They were grown on a 
number of media and on that basis it was decided to use glucose, 10*0 g ; KNO^, 
3’5 g ; KHaP 04 , 1*75 g ; MgSO.^. 7 PI 2 O, 0*75 g ; and distilled water 1000 ml, as 
the basal medium. In order to study the effect ol different monosaccharides they 
were substituted singly in place of glucose and their quantity was so adjusted as 
to furnish 4 g of carbon per litre. Eight monosaccharides, vit-^ L ( + ) arabinose, 
D-xylose, L-rhamnose, D-glucose, D~fructose, D-galnctose, L-sorbose and 
D~mannose, were used. The most suitable pH for isolates B, C and E was found 
to be 6*0 while for A and D it was 5*0 and 5*5 respectively. The pH of media for 
subsequent studies was adjusted to most suitable level in each case. 25 ml of the 
medium was taken in each of the UO ml Pyrex flasks and autoclaved at 15 lbs 
prcssuie for 15 minutes. After inoculation with the respective organisms they 
were incubated at 25± 1*^0. 0*005 ml of the medium from each set of the flask 
was analysed every day by circular paper chromatographic technique, des- 
cribed by Ranjan et aL (1955). The running solvent was n-butanol-acetic acid- 
water (4:1:5) and the spray reagent used was aniline- diplienylamine phosphate 
(5 vols. 4% aniline, 5 vols. diphenylamine and 1 vol. orthophosphoric acid ; 
Buchan and Savage, (1952). After spraying, the bands of various sugars were 
developed by heating the chromatograms at llO^C for 90 seconds. The time taken 
for the utilization of the monosaccharides has been recorded. The dry w’eights 
were also determined and for that purpose the mycelial mats were harvested on 
previously dried and weighed Whatman No. 42 filter papers after 5, 10 and 15 days. 
Simultaneously the pH of the filtrate was also determined. The average dry 
weight of the mycelial mats was taken as critcrian for growth. All the experi- 
ments were conducted in triplicates. 

Results 

The dry weight, final pH and time taken for the utilization of monosac- 
^.harides have been summarized in table 1. 
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Discussion andi conclusion 

It is evident from the results that three isolates of (7. glomporioides (Isohtes 
A, D and E) consumed arabinose in 8 days, as has been recorded by Ghosh (1964) 
for isolate of the same organism, Different isolates of C. gloeosporioides 

studied by Chandra (1961.) and Prasad (1963) took 9 days to utilize this sugar. 
The behaviour of isolates B and C of the same species was different as they could 
utilize it in 11 and 7 days, respectively. 

The isolates A and B took 11 days to assimilate xylose,^ while corresponding 
period for isolate E was 10 days only. Isolate- G utilized it in 8 days. Ghosh 
{Lc.) and Singh et al, (1965) obtained similar results for their isolates of C. gloeos-^ 
porioides. The behaviour of Isolate-D was similar to the other isolates of the 
same species studied by Chandra {Lc.) and Prasad {Lc.), 

Isolates A and C finished rhamnose in 10 days, but other isolates of the same 
species failed to consume it even in 15 days. Eight days were taken for this pur- 
pose by the isolates studied by Chandra (Lc.) and Ghaturvedi (1961). Prasad 
{Lc.) working with another isolate of the same species reported that rhamnose 
was consumed after 1 1 days. 

Isolate- G utilized glucose fully from the medium after 7 days, while other 
four isolates needed 8 days to do so. Prasad {Lc.) working with C. gloeosporioides 
isolated from ‘litchi’ mentioned that this sugar was assimilated in 7 days. In this 
•respect his isolate was similar to Isolate-G included in the present study, but the 
isolates from Punica granaiurn ( Chandra, /.r.), Polyscias balfuriana (Ghaturvedi, ^ Lc.) 
and Mangifera indica L. (Singh et aL, Lc.) consumed it earlier and finished it in 
6 days. 

Isolate-D utilized fructose in 8 days. Similar results were obtained by 
Ghaturvedi (/.r.) and Prasad (/.<;.) with their isolates of the same spexies. The 
isolate of this species studied by Chandra {Lc.) took 7 days to consume it. Two 
isolates A and G utilized fructose in 13 days. Corresponding periods lor isolates 
B and E were 14 and 12 days, respectively. 

Isolates B and G consumed galactose after 12 and 13 days, respectively, 
while the remaining three isolates could not utilize it within 15 days. Similar 
results were obtained by Prasad {Lc.) and Singh et al. (Lc.) with their organisms. 
The isolates studied by Chandra {Lc.) and Ghaturvedi {Lc.) consumed it faster and 
finished it in 8 and 1 1 days, respectively. 

Isolates G and A took 12 and 13 days, respectively to utilize sorbose. Corres- 
ponding period for isolates B and D was 14 days, while Isolate-E could not 
utilize it within 15 days. Similar results were obtained by Prasad {Lc.) and 
Ghosh (Lc.). The isolate of the same species studied by Singh et al. (Lc.), consumed 
it in 10 days only. 

Isolate-D exhausted mannose in 8 days, while Isolate-G took a day longer. 
The remaining three isolates consumed it in 10 days. The time taken by the 
isolates studied by Chandra {Lc.) and Singh (Lc.) was 11 and 7 days, res- 
pectively. 

It is thus clear that t’ e rate of utilization of various sugars by different 
isolates of the same species showed marked variation. 

In all those cases where sugars were utilized upto 10 days the dry weights 
were maximum on the 11 th day and they decreased on the 16th day. In other 
cases there was a continuous increase in dry weight except in the case of Isolate-A 
on xylose, which showed slight decrease on the 16th day. 
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Tile drift in pFI in all tlie cases showed more or less similar trcml. At tlic 
end of the incubation period it generally increased and became either neutral 
or slightly alkaline. 

Summary 

Utilization of eight monosaccharides, viz,, L ( + ) nrabinose, D -xylose, 
L-rhamnose, D-glucose, D-fructose, D -galactose, L-sorbosc and D-mannosc by 
five isolates of Colletotrichum gloeosporioides Penz. obtained from leaf-spot of Arlocar pus 
heUrophylla, Annona squamosa, Mussaenda frondosa, Codiaeum variegatum and Manihot 
esculenta was studied. Chromatographic analysis of the medium revealed that 
glucose was assimilated rapidly, while galactose was utilized slowly by all the 
isolates. Different isolates exhibited marked variation in the time taken for 
utilization of various monosaccharides. In all cases the pH of the media showed 
a drift towards neutrality or alkalinity. In all cases where the sugar was 
consumed from the medium by 10 days the maximum dry weight was observed 
on 11th day ; but the weight continued to increase where the rate of its utilization 
was slow. In such cases the maximum weight was observed on the ICth day. 
The results have been compared with other isolates of the same species studied by 
different investigators. 
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The genus Coemansia was first erected by van Tieghem and Le Monnier in 
1873, It is one of those Mucorales in which the conidia are borne singly over 
septate and inflated sporocladia arising from large conidiophores. In the case of 
Coemansia, the conidia are produced on tin. lower surface of sporocladia as against 
the genm Marlemsclla where the conidia arc borne on the upper surface. About 
sixteen spc.cies (th^sseltine, 1956) of the genus have been reported. In India only 
three species i.e., Cocmamia crecta Bainier (Rugniini, 1956), 6\ reversa van Tieghem 
and Le Monnier ( Agnihothiudu, 1957) and C. ceylonensis Linder (Prasad, 1965) ai'e 
known. The present paper deals with three isolates which resenilile in essential 
characters with C. Bainier, C, inierrupta lAndev mid C, spiralis Eidam. Out 

of these three, C, inierrupta and C. spiralis arc new reports from India and C. crecta 
was reported by Rugmini (1956) in her thesis only but was never published. 

Coemansia erecta Bainier, Bulb Soc. Myc. France 22 : 220-221, 1906 (Plate I, 
Figs. 1-3). 

Colonics growing fast on SMA and Oat meal agar, at first white, becoming 
bright yellow in age ; myc(diiim stolonifiirous ; conidiophores simple but bifurcate 
in the upper fertile zone, septatt^, uplo 3 mni in length, 5‘2 - 8'7 n in diameter ; 
sporocladial stipe one cclhd, 3*5 - 5 m long ; sporocladia cuiacd upward from the 
conidiophorc, 4-7 septate, 2i~3L5 x 3*5 - 5’2 /x ; terminal ceil sterile, straight 
or curved ; phialidcs ovoid, 2*2 - 4'5 A long ; conidia fusoid with apex rounded tind 
base tapering, 6-9*5 X 2*2-3 /x. 

Description based on the culture isolatt'd from mouse dung from Allahabad. 
Culture deposited in BSM Culture Collection, Botany Department, University 
of Allahabad under No. Mx-lOO and also at Centraalbureau voor Schiinmelcul- 
tures, Baarn, Holland. 

Coemansia inierrupta Linder, Farlowia, 1 (1) : 49-77, 1943. (Plate II, Fig, 1-4), 

Colonies growing slowly on SMA and Oat meal agar, at first white later 
becoming pale yellow ; mycelium stoloniferous ; conidiophorc erect, septate and 
regularly bifurcate, 2-3 mm. in length, 9-12 g in diameter, bearing the sporocladia 
plcurogcnously and close together in clusters of 8-20 ; stipe of spon^cladia one- 
cellcd, simple or branched, 10*8-24-5 x 5*2-7/^; sporocladia 6-8 s-ptatc (some- 
times 10 septa), 2l*6-51‘3 X 4*5 10*5 /x, sterile terminah cell short and curved ; 
phialidcs elongate, tdlipsoid, 3*5-6 X 1*5 /x long ; conidia cylindrical tapering from 
the middle with pointed ends, 10*5-17*5 x 1*5-2/^. 
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Description based on the culture isolated from forest soil of Ranchi. Culture 
deposited in BSM Culture Collection, Botany Department, University of 
Allahabad, under No. Mx. 107 and also at Centraalbureau voor Scluinmeh 
cutlures, Baam, Holland. 

Coemansia spiralis Eidam, Jahresber. schles, Cres. vaterland. Cult. 64 • 

1887. (Plate III, Figs. U3). ' 

Colonies at first white, becoming cream colour in age ; conidioplturcs simple 
sometimes branched near the substratum, erect, spirally twisted at th(j tip^ 
200-750 M in length, 8-10 m in diameter, distantly septate; sporogtuious branches 
stipitate, stipe cells 8-10 in length ; sporocladia 3-5 septate, 12*5-25 x 7’0-10-8a • 
sterile terminal cell straight or slightly recurved usually slightly tapered ; phialides 
numerous on the lower surfece, ellipsoid ; conidia cylindrical, taperiiiLr to 
bluntly rounded base, 10-12*5 X 1*2-1 ‘5 /x. ' ^ ^ 


PLATE 1 





^oimanuaeucta (Camera lucida drawings) 
3, Conidia 



PL^tE 11 


i LATfe til 




Figs. 1-4. Coemansia interrupta (Camera Figs. 1-4. Goemansia spiralis (Camera 

lucida drawings) lucida drawings) 

1. A branch of the mature conidiophore. 1. A branch of the mature conidiophorc. 

2. A mature sporocladiura magnified to 2. Lower portion of conidiophore with 

show the attachment of the conidia. rhizoids. 

3. Basal portion of stolons with rhizoids. 3. A mature sporocladiura magnified to 

4. Conidia, show the attachment of conidia. 

4. Gon’dia. 

The present isolate resembles in essential characteristics (colony characters, 
spirally twisted conidiophores and size and shape of conidia) of the species given 
by Eidam (1887) and Bainier (1906). However, it differs in having shorter coni- 
diophores, 200-750 f* in length (according to Eidam, they are 500-1000 in length 
and according to Bainier, they range TO-2'0 mm. in length). The sporocladia 
and the conidia arc also smaller in the present isolate. Since the type culture 
of the species is nowhere available, it seems best to consider the present isolate as 
a strain of the species of Coemamia spiralis Eidam. 

Description based on the culture isolated from the soil of Allahabad. Culture 
deposited in BSM. Culture Collection, Botany Department, University of 
Allahabad under No. Mx. 110. 
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Utilizatiom of Lactose and Formation of synthetic oligo- 
saccharide by isolates of Boiryodiplodia theobromae^’^ 

By 

M. P. SRIVASTAVA 
Punjab Agr. University, Kapurthala 
and 

R. N. TANDON 

Allahabad Universiiy^ Allahabad 
[Received on 29th February, 19f8] 

In recent years a number of fungi have been found to synthesize oligosac- 
charides during their growth on various oligo- and polysaccharides^ Bacon and 
Edelman (1950), Blanchard and Albon, (1950) Pazur and French (1952) Giri et aL 
(1953, 1954), Bilgrami and Ghosh (1966) have piescntt d a detailed account 

of the synthesis of new transient oligosaccharide, but so far enzymic furmalion of 
synthetic oligosaccharide by iheohmnae has not been reporn d on lactose base. 
The present paper gives a detailed account of the utilization of lactose and foma- 
tion of a synthetic oligosaccharide from the former by four isolates of B. theobmnae. 
Materials and Methods 

Four different isolates of theohromae obtained from citrus, guava, mango 
and sapodilla were employ(‘d. Basal medium consisted of lactose lOg, KNO.* 3‘5g 
KH^PO^i 1*75 g, MgSO^. THgO 0-75g and one litre of redistilled water. 25ml of 
the basal medium apportioned in 150 ml conical Erlennwyer Pyre.x flasks were 
steam-sterilized for three consecutive days for half an hour. Flasks containing 
culture medium were inoculated with pui'e monoconidial cultures of the different 
isolates of i?, fAco/nmae separately and incubated at25±l°G for 15 days. Daily 
analysis of the culture filtrate was carried out by circular paper chromatography. 
The general procedures were similar to those followed earlier by Srivajrtava and 
Tandon (1966-67). Dry weight of the fungal mat after 5, 10 and 15 days of 
incubation was taken as the growth criterion. 

Results 

The results obtained have been summarized in Tables 1 and 2. 


TABLE 1 

Showing average dry weight [in mg) of the mycelial mats of four isolates of 
B. theobromae on lactose and its component hydrolytic products. 


Sugar 

Days of 
incubation 

Citrus 

isolate 

Guava 

isolate 

Mango 

isolate 

SapodiJla 

isolate 


5 

25-3 

24-3 

27-0 

43-6 

Lactose 

10 

72-0 

75-3 

49-6 

55-6 


15 

83-0 

93-6 

59-0 

64-6 

D~glucose 

5 

32-2 

30-2 

29*2 

35*0 


10 

81-2 

75-11 

73-8 

79-4 

D'-galactose 

15 

72-2 

70-2 

81-2 

89-0 


1. Part o( the first author’s Ph.D. thesis submitted to the University of Allhhabad. 

2. This research was financed in part by a grant made by United States Department oi 
Agiiculturc, Agricultural Pcsearch Service under the head PL 480. 


[ 13 ] 



TAfiLfe 2 


Showing the presence [in days) of lactose and synthetic oligosaccharide during the 
growth of four isolates o/'B. theobromae. 


Sugar 

Synthetic 

product 

Citrus 

isolate 

Guava 

isolate 

Mango 

isolate 

Sapodilla 

isolate 

Lactose 

Oligosaccharide 

0-15 

0-15 

0-15 

0-15 


(Rf. 0-15) 

5-15 

4-15 

5-15 

9-15 

D -glucose 

4- 


1-6 

1-4 

1-6 

1-7 

D- galactose 


1-9 

1-10 

1-13 

1-12 


Disc ussion 


It is obvious from the results that none of the isolates could consume lactose 
completely and it persisted in the medium uj^to the end of the incubation period. 
Slow utilization of lactose has also been reported by various investigators woi'kiug 
species of and other fungi including species ol'Calvalia (Sedlmayr, 

loro ’ D Macrophoniina phaseoli, Botryodiplodia ananassae (Bhargava, 

QCK ’ A 11 I r f prsneiseta and Colletotrichum gloeosporioides (Brasad, 

1+1 ’ iT IT I'l sugar through non-hydiolytic pathway, 

although Kakkar j 1964) observed the appearance of synthetic oligosaccharide in 
the medium used by fungi investigated by him. In the present investigation 
a synthetic oligosaccharide appeared after 4 or 5 days of incubation in the medium 
used by all the isolates, except sapodilla isolate where it appeared after 9 days of 

nTrhid persisted throughout the incubation 

hXnlUi-f if f ^ oligosaccharide in the medium is indicative of the 
hydrolysis of lactose and thus its utilization through hydrolytic pathway. 
Partial hydrolysis of the synthetic oligosaccharide, yielded lactose and galactose 
Formation of synthetic oligosaccharidi may be attTibuted to the Svhy of the 
enzyme transgalactosidase which might be responsible for transferring galactose 
residue to lactose m the formation of this trisaWide. Since no dehuk^sti dv 
couldbe made regarding the chemical identilication of the synthetic oligosac- 
charides It has been considered desirable to refer them with their Rf. values.^ 

mixtutefSSfe^and^alw of mycelial mat on lactose with that on a 
better grow?h S lactol fhm on"tf 

„ giowun on lactose man on the equimixture of its hydrolvtic nrodneiM Th^ 

case was just the reverse for mango and sapodilla isolates. ^ Ptoducts. The 

Summary 

pathway Lh the formation ff^ apparently through a non-hydrolytic 

0-15 in all the cases. Enzymif svntEh of ^ Rf. value of 

Uon of lactose by isolates of R. theobromae is-being rfpolfe^thc 
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Studies in the Legusninosae 

1. Male and female gametophytes of Mi gofer a cnmaphylla Linn. 

By 

A. G. UNTAWALE & P. K. DESHPANDE 
Department of Botany, Nagpur UniversUy, Nagpur 
[Received on 29th February, I968j 

IntrodisctloD 

Indigofera enneaphylla Linn, is an annual, trailing, much ])ranch('d heii), with 
pinnateiy compound leaves. Leaf-lets are hairy all over and silvery beneath. 
The flowers are produced in small clusters. The pod is oblong and tliinly silky, 
often 2- seeded, rarely one or three seeded. 

Material and Method 

The material was collected locally and was fixed in Formalln-aci^tic alcohol. 
Dehydration and embedding was done as per usual methods. The scc’.tions were 
cut 10 to 12 /A thick and stained with Heidenhain’s iron-haematoxylin. Lrythorsin 
was used as a counterstain. 


Microsporogenesis and Male Gametophyte 

The floral whorls differentiate in acropetal order. The undiirerentiated 
anther condsts of a mass of homogeneous cells. It btxomcs four lobed as the 
archesporium differentiates. It is limited to a row of hypodermal cedh in each 
lobr. (Fig. 1). 

The epidermal cells divide anticlinally during the early d(welopin ntofche 
anther. As the internal tissues increase in amount the cells of the cpideraus 
undergo a change in shape becoming radially flattened and Htrelclicd. Thc^e 
cells, prior to dehiscence, form a thin layer of dead cells over the (mdotlieeium 
(Figs. 7-10). 


The archesporial cells divide periclinally to form an outtu' primary narietal 
cell and an inner primary sporogenus cell (Fig. 2). The parietal c.dl, by further 
periclmal and anticlinal divisions, gives rise to the endothecium, middh; layer and 
the tapetum. (Figs. 3 and 4). These cells, when first formed, are similar in si 7 e 
but gradually change their shape and size. 

V ■ below the epidermis, differentiates into endothecium. 

a stomium originates as a lateral depression along tlie 
middle line of the thecae Figs. 11, 11 A). Tlie stomial furrob deepen.s as^ > 
epidermal and hypodermal cells enlarge radially. The hypodermal colls la to 
develop characteristic secondary fibrous thickenings (Figs 7 8 h lo \oa) ti,! 

adjacent pollen sacs of two thecae fuse along their' lengUi (Ifig Vd ) ’ The fn.ioM 
IS brought about by the disorganization of !he intervening sen a (Figs 3 3 A 

The parenchimatous cells in the region of the septa arc difleremia tod into sma 1 
parenchymatous cells situated at the base of the 'stomial groove wSc tlm TclU 









EXPLANATION TO FIGURES 
PLATE 1 

Indigofita enmaphvlla. Linn. (Fig. 1-6 J epidermis | septum | # 4 .*— stomlal groova | 
/— tapetum ; vascular supply,) 

Fiff. I — L. S. Young anther showing male archcsnonal cell. Fig. 2 — T. S, Young anther 
showing a parietal layer and sporogmou^ cell Figs, i and 3 -T. S. anther showing stag'*s in the 
development of anther. Fig. 5 — T. S. anther shewing tcpftum, dcgcncratine' middle layer* 
cndothccium and eptclcrmis ; note tetrahfdral roicros pore tetrad. Fig. 6 ' — Isobiiatcral tetrad of 
microsporca. Fig. 7 to 10— T. S. mature anther; note vacuolated taoetal cells and dis- 
appearance of inner tangential wall ; fibrous endorhe ium. persistant middle layer and mature 
pollen grains of two sizes. Figs. 11 to 15— X . S. anther showing stages in the anther dehiscence 
Figs, llA to HA~^magniJisd portions o/part 'A* of figs 11 to 14, Fig, 16 — mature pollen grams, 

(Figs. I to 7 and 9-X800 5 Figs. 8 and IIA-X500 5 Fig* 10-X650 ^ Fig, 11, i2A 13A; 
14A,-X 225, Figs. 12, 13, and I5-X125 j Fig. 14-X75.j 

PLATE 2 

Indigofera enneaphylla, Linn. (Figs 17 to 33 nu, nucellar beak: s if. — starch). 

Fi^», 17 — L. S, ovule primordium showing hypodermai female archesporium I Figs. 18 and 
19— 'L,.S. young ovule showing mcgasporc mother cells (r<otc ini* ition of integuments and two 
megaspore mother cells in Fig, 19 ; Fig. 2fi— L.S ovule showing a dyad : Pig. 21 — Linear tetrad 
of mcgasporcs, with three degenerating micropyiar megssporea. Fiirs. 22 to 25 — 2. 4 and 8 nucleate 
embryo sacs. Fie. 26— mature embryo sac ; xiotc the starch gra ns and filifi rm apparatus. Fig* 27 
— L, S, ovule sh.jwing miciopylc (note zigzag micropylc f^ormed by both the intcgunnn:nta and a 
nuccllar beak at the apex ol embryo sac. Figs. 28 to 38— Stages in the development of ovule, 

(Figs. 17. 18 and I9-X500 ; Figs. 20 to 26-.X800 ; Fjgs. 27. 30 to 33-X225 ; Figs. 28 and 
29— X300 ; Figs. 34 to 37— XI 25.) 


towards the connective are large (Fig. UA). The cells below the stomium under- 
go dissolution first (Figs. 13, 13 A) to form a narrow passage. This passage 
gradually widens as more and more parenchyma forming the septa becomes 
involved in this process. (Figs. 14, HA). Vascular tissue is strengthened by the 
sclerification of the surrounding cells. (Fig. 15). 

The actual dehiscence involves the rupture of the anther wall along the 
stomium. The anther wall along the stomium spreads apart due to the mechani- 
cal action of the thickened epidermal cells and fiorous layer and the initial narrow 
opening becomes wider. The curling e dges ol the wall (Fig. 15) result in two, 
long linear slits along the thecae* 

Middle layer in this plant persists for a while as flattened cells even after the 
tapetum has been completely absorbed and uninucleate pollen grains have been 
formed. ( Fig. 8 ). However, at dehiscence no trace of these cells is seen. 
(Fig. 10, 13, 14). 

The cells of the tapetum become flattened, (Figs. 3, 4). They increase in 
size and in their staining capacity. At the microspore tetrad stage small vacuoles 
appear in these cells (Fig. 5). As the microspores stperate from each other the 
inner radial walls of the tapetal cells breakdown (Figs. 8, 9) and some chemical 
substance flows out into the anther loculus and comes in contact with the develop- 
ing microspores. The tapetal cells remain uninucleate throughout and the 
contents remain in situ (Figs, 7, 8. 9). Ultimately these are absorbed by the de- 
veloping pollen grains (Fig. )0). Thus the tapetum conforms to the secretory type. 

The primary sporogenous cells undergo three mitotic divisions to develop 
into microspore mother cells (Fig. 3). These divide ir eioticaliy forming four 
pollen grains. Cytokinesis is of the simultaneous type and occurs by iur rowing 
(Fi^s. 5, 6). The microspore tetrads may be tetrahedral or decussate (Figs. 5, 6). 
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The 
vacuolated 


The tetrads remain enclosed within a membrane of microspore mother ce lls. ^ The 
membrane is thick and gelatinous and microspores remain together in gelatinous 
matrix for some time. The enclosing walls later get absoibcd and the mictos- 
pores are liberated free into the pollen sac (Figs. 7, 8, 10). 

The microsporCj to begin wiih^ has dense cytoplasm. As it incn‘ascd in size, 
vacuoles begin to appear (Figs. 7, 8). The politn grains occur in two sizes 
(Fig. 10). They are spheroidal in shape and arc tri-zonicolpate (Fig* 10). The 
exineis thick (Fig. 16). The pollen grains, atanthesis are bi-celled (Fig. 10) 
vegetative cell consists of a large nucleus surrounded by thin layer of \ 
cytoplasm (Fig. 16). 

Megasporogenesis and Female Gametophyte 

The gynoecium consist of a monocarpellary, unilocular superior ovary with 
usually two ovules. Sometimes there are three ovules. Ovules aic campylotro- 
pous, bitegmic and crassinucellate. To b' gin with, the ovule primordium inside 
the ovary grows straight towards the dorsal suture (Fig. 28). It cuivch upwards 
even before the integument initials appear. The cuivatuie is due to vigorous 
growth between hilum and chalaza and the curvature becomes moic pronounced 
by the difference in growth on the two sides of the outer integument (ITgs. 29“-37) 
while the growth of inner integument is more or less uniform. The guiwih of the 
dorsal half of outer integument is more vigerou.-'. According U) Rt'eves ( 1930) tlie 
ovule grows straight till it meets the dorsal wall of the caipe.l and thus etu vatnre is 
due to interference of the carpellary wall. However, in L enncap/nlla ovule ])rF 
mordium begins to curve before it comes in contact with the dorsal wall of the 
carpel. As a result of differential growth theovuhi assumes coinpy Iotro])ous form 
(Fig. 37). ^ 

The primordium of the integument differentiates simultaneously with the 
differentiation of the megaspore mother cell (Fig. 29). Tht.y arise at th<^ l)ase of 

nuccllar epidermis in aeroiieial succession 
(l-ig. 29;. The integuments, to begin with, arc two celled tlih'.k over ihcir enllio 

integument is slightly thickened^ 

1 . 1 T* ihe massive outer integument overgrow'S the imur (Fig. 32l but 
later both take part in the formation of a zigzag micropyle (Figs. 37, 38). The 
epidermal cells of the outer integument become columnar. 

aTchesporium is h>podermal in origin (i'ig. 17). It outs olF a priiuarv 
parietal cell and a primary sporogenous cell. The anticiino.l and p bid mal 
divisions of the primary parietal cell result in the formation of a i.criotal tiss ue 
nd hef' , The primary sporogenous cell increases i fef 

end becomes the megaspore mother cell (Fig. 18). Occasionally (hero arc two 

1930). It undergoes usual meiosis resulting in a dyad (Fig. 20 ) and lin-illv 
linear tetrad of megaspores is formed, (Fig. 21). Only the chafwil hu-h'-kj,^ 

functions, while the remaining three degenerate (Fig. 21). ' 

The functional megaspore undergoes increase in size. Its nueliMi^ du,:/i,.c . 
form two daughter nuclei and a vacuole is formed in between the , 'H u 

flT/ m °Th‘ "r “"r' ‘owardV 7e "edf „1' 

nudei thm opposite poles.undergo two mitotic divisions :md eidil 

groups of four each (Figs. '^3 24 24 

Ihe cytoplasmic cleavage results in the formation of three uniiuide u’e 1 ’ll. < 
each pole and two nuclei in the centre of the embryo sac (Fig '-''i 1 ' I'l.e < ,3 
m^n\ conforms to the Polygonum ^'tvne ' i M 1 

1950). D„„„g development embryo sue mcrenses SmoTly KV.O “S'J: 

t 20 ; 



The three uninucleate cells at the micropylar end of the embiyo sac form the 
egg apparatus, which consists of two synergids and egg (fig. 26). The synergids 
^ shaped and hooked. At the advanced stage they shovv filiform apparatus 
|Fig. 26). The broad base of the synergids obscure the egg. The egg has a dense 
basal cytoplasm with a nucleus, while the micropylar end is occupied by a cons- 
picuous vacuole (Fig. 26). ^ ^ 

The c ntral portion of the embryo sac is occupied by a secondary nucleus 
formed by the fusion of two poler nuclei. The secondary nucleus lies below the 
egg (Fig. 26). 


There are three anlipdals (Fig. 20) situated at the chalazal end of the 
embryo sac. Ihey are uninucleate and dt generate soon after their formation. 

During the d.velopment of the embryo sac, the nucellar tissue surrounding 
the embryo sac, with exception of nucellar cap breaks down. The nucellar cap 
forms a plug between the apex of female gametophyte and the micropyle(Fig. 27 j, 

• embryo sac is lanceolate and is completely filled with starch 

grains which, howcvci, disappear after fertilization. 

Discussion 


The male archesporial cell in /. enneaphylla, as in other members of the 
Leguminosac, divides noimally into primary wall cell and the primary sporo- 
genous cell. The foimer on further divisions produces a wall tissue consisting of 
three layers of cells. Flovvever, wall tissue may be of varying thickness Tn 
ALbizva (Maheshwari, 1931) it consists ol 6 to 7 layers of cells, while' wall 

cells have been reported to be absent in Lathyrus odoratus (Johanson*) and Orobus 
angustijohus (Guignard’^). * 

r endothecium shows usual fibrous thickeninps and the epidermis in 

I. enneaphylla forms a thin layer of dead cells over the endothecium as hr TrifoliZ 
(Hindmarsh, 1964). The middle layers in the members of the Leguminosae 
generally degenerate at an early stage of developm nt. However, in the species 
under mvestigation it persists for a considerable time and is seen in the form of a 
narrow baud of cells even at the uninucleate stage of the pollen grains. 

The cells of the tapetum lemain uninucleate (VVeistein, 1926 • L-umr IQok . 
Reeve*, 1930 ; Cooper, 1933 ; Costetter, 1926 ; Poiiulo, 1945J T.petl eCi; „av 
become bisenate at places in MiUetiia ovalijolia (Pal, I960). Uninucleate tanetal 
cells appear to be common feature in the Papiiionalae. Tapetal cells in CassZ 
didymoLoiua^thi, H30) and tora (Datta, 1934) are binuckate. Ghosc and 

Alagh ( 1933) reported bi-, tii- nucleate tapetal c. Ih and also observed 6 or 7 nuclei 
in certain cases. Phe pollen grains in the Papilionaceae are shed at two celk d 
condition. However, according to Pal (1960) they are shed at thrce-nuckaie stage 

The integument primordia appear simultaneously with the formation of 
megaspore mother cell However, according to Samal (i 936} in Crololaria iuLn 
and Pal (1960) mMilleltia ovalifoiia primordia of the integument arise iimS’ 
taneously with difieientiation of aichesporiai cell, but this may be an e-rior dim to 
the obseivation ot a old material. ^ 


inner integument, as in other members of the Papilionaeceae in 
I. enneaphylla, uppers slightly before that' of the other. In Amellia 
(Pal, 1960) and ^Puchekaij unpublished) the outer intfgu^ 
ment overgrows the inner and alone forms the micropyle. In / enneabhvlln^' 
the mt. gumem.6.e»vll<lev, loped and lake p„t i„‘ t Cmh" K 

*Q,uoted from Dahlgren. 



^^micropyle. In Cajanus indicus Laihjrus saiivus [Koy^ 1933; inner in tegument is 
much less developed than the outer, in Acacia bailey ana 1933) integu* 

iiients are poorly developed and ovule con^^equeiitly ib almost naked. 

Archesporial cell in the ovule is unicellular and hypodcrmal in /. mncaphylla 
as in other Papilionaceae, (Mahesliwari, 1931 ; Gliose and Alaghj 1933 ; Ncwman> 
1933 ; Singh and Shivpuri, 1935 ; Paul; 1937 ; and Paniuluj 19d5)* Multic^ llular 
archesporium has ken reported in the Papilionaccac by Martin ( 19 1*1), Brown 
(1917), and Reeves ik'30j. Det p seated archesporial cell in bubhypod<n'mal layer 
has been reported by Saxton { 1907), Datta { 1934), Roy ( 1933) atid Dnyansagar 
'{ i'949) and this according to them may function directly as m gaspotuj mother cell. 
The deep seated origin of archesporium appears to be rather incorrect and where 
it is described subhypodermai, it is likely that the same is hypodermal. 

The tetrads of magaspores is linear in L enneaphylla. In Crotolaria juncea 
(Samal, 1936) and sometimes in (Smith, 1956) tetrad is T-shaped, 

Occasionally the tetrad is isobilateral or T-shaped in Cassia glauca (Pantulu, 
1945). 

The chalazal megaspore usually functions and develops into as embryo sac* 
However, variations are found in the Leguminosati, According to Guignard 
(1881) the mega^pore, next to the chalazal v.nd is functional. Similar situation 
was reported in (Saxton, 1907) and Cassia purpurea (Ghoso and 

Alagh, 1933). Variations may occur in the same genus, viz* Cassia (l)aUa, 1935) 
or in the same species, w., A, lebbek (Maheshwari, 1931 )» 


The nucellus disintegrates during development and the embryo sac comes in 
direct contact with inner integument (Brown, 1917; Cooper, 1935: and Parley 
and Hutchinson, 1947). In 1, enneaphylla nucellar epidermis remains over the 
apex of the gametophyte as in P. multi/lores (Guignard, 1881) and Phaseolot^s 
vulgaris (Wiestein, 1926). However, this apical layer of nucrllus is multiseriatc in 
Acacia (Guignard, 1881 ; Newman, 1934). 


The embryo sac development in the Leguminosac conforms to the normal 
type. Variations in development have been reported. In Medicago arborea 
(Herail, 1889^) it is of the bisporic type, while in Meliloius alba (Young, 1905) 
megaspore mother ceil acts as a megaspore. However, according to Coc and 
Martin (1920) megaspore mother ctll in Medicago alba does divide and embryo 
sac development proceeds in a normal manner. In Laihyrus odoratus ( Joxisson 
1879-80) embryo sac development is of Scilla type’, but m L sativus (Roy, 1933 ) 
it is of the normal type- The investigations show that the embryo sac develop- 
ment m the Leguminosae is of normal type and the abberont types worked out 
long ago require confirmation. 

The antipodals in /. as in other members of the Papilionaceac 

foin M/to/iVi ovalifolia (Pal, 
1960) antipodals degenerate rather slowly and their remanents could be found 
long after fertilization. 

The embryo sac is filled with starch. The starch grains anpi^ar at the 

4-nuckate stage in 1935) and at the functhmiug megas- 

sac has become differendaTeT^ The s^JIrcrgrain? in dS' pla^f 


*^tcl erred by Reeves. 
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Summary 

Development of male and female gametopliytes in L etuieaphylla^ Linn, is 
described in detail. 

The primary archesporium is liypodermal in origin. It.consists of single row 
of cells in each anther. 

The middle layer persists for a while. The endotliecium develops usual 
fibrous thickenings. 

The tapetum is the innermost derivative of the' parietal cell; It is of a 
secretory type. Its cells remain uninucleate. 

The primary sporogenous cells undergo mitotic divisions. 

Cytokienesis is of simultaneous type and occurs by furrowing. 

‘The microspore tetrads may be tetrahedral or isobilateral. 

The pollen grains are spheroidal, tri-zonicolpate. They are shed at 2~celled 

stage. 

The ovules are cam'pylotropous, crassinucellate and bitegmic. The micro- 
pyle is formed by both the integuments. 

The archesporial cell is liypodermal, and cuts of parietal cell. 7 Ik; parietal 
tissue consists of 3 to 4 layers of cells. Parietal tissue, during development of 
embryo sac, is di!stroyed except at the apex, where it foims a plug between apex 
of female gametophyte and micropylc. 

The magaspore mother cell gives vise to a linear tatrad cf megai pores. The 
chalazal megasporc functions. The embryo sac development conforms to the 
Polygonum type. 

The synergids are hooked. Filiform apparatus is present. 

The antipodals degenerate early, 

The embryo sac is filled with starch. 
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Introduction 

Nitrogen is the chief limiting factor in the production of high yields of c otton 
crop in Uttar Pradesh. It has been fully established that the application of this 
nutrient ^element through ammonium sulphate causes significant enhancement in the 
yield of (Dabral 1955, Sharma 1961, Singh et al.^ 1966). But ammonium 

sulphate is in cxtremly short supply in comparison to the heavy demand for it. 
Moreover, considering the cost per kg. ol nitrogen in it, this fertilizer is also more 
costly than other inorganic nitrogenous fertilizers. Hence, there was necessity of 
conducting thc4 present studies with a view to find out a cheaper but equally 
efficient source of inorganic nitrogen to be used as a substitute for ammonium 
sulphate in cotton crop. 

Review of literature 

Skinner and Buie (1926), Andrews (1947) and Gollings (1947) reported that 
ammonium chloride is almost as effective a source of nitrogen to crops like cotton, 
potato and tobacco as ammonium sulphate. Mehta and Jaisinghani (1962) found 
that ammonium sulphate, calcium ammonium nitrate and urea are equally effective 
for cotton crop in red loam soils of Rajasthan. Ghavda et aL (1963) claimed 
better results with Chilean nitrate than with ammonium sulphate, urea, calcium 
cynamide and ammonium sulphate nitrate in the black cotton soils of South 
Gujarat. Garg (1964) failed to observe any difference between the efficiency of 
urea and calcium ammanium nitrate. Dargan et aL (1965) recorded significantly 
higher yield with Chilean nitrate than with calcium ammonium nitrate in the first 
year of his trial, while in the second year, calcium ammonium nitrate fared better 
than the other fertilizers. In the pooled results of the two years, however, Chilean 
nitrate proved significantly superior to calcium ammonium nitrate, urea and 
ammonium sulphate but was at par with ammonium sulphate nitrate. 

Material and methods 

The experiment was conducted under field condition during the crop seasons 
1964-65 and 1965' 66. The soil of the experimental fields was sandy loam with 
7*4 pH and had 0 ’ 55 % organic carbon, 0‘0614% total nitrogen and 0*01467( avail- 
able nitrogen in it. 

The experiment had a randomised block design with 4 replications and with 
6 treatments as detailed in table I. The net plot size was 1 1-9 sq. m, and the 
American cotton variety, 320F, was sown in the experiment. 
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the experimental crops were sown in the middle of AiirU and givcn'oile 
irrigation about 6 weeks after sowing in both the seasons. I he dilh.rciit fictilizers 
were applied at 35 Kg. N/ha. in two equal instalments, one at Sowing tunc and the 
other at flowering time. All other cultural operations wcic. givc.n to the crops 
according' to the normal recommended practice. 

Results and discussion 

1. Kapas yield : 

The yields oi Kapas obtained from various treatments are presented in table I. 

TABLE I 

Tield of Kapas (Kg.jha.) 


Treatments 

1964-65 

Control (Noimanure) 

1043*8 

Ammonium sulphate 

1163-7 

Calcium ammonium 
' nitrate 

1306-8 

Ammonium sulphate 
nitrate 

1260-5 

Ammonium chloride 

1281-6 

Urea 

1170-0 

S. E. 

±117-3 

G. D. at 5% 

Not sig. 


1965-66 

Mean 

y„ increase 
over control 

1454*1 

12-l'8-9 


1725-6 

1444-7 

15-7 

1630-9 

1168-9 

17*6 

1607*7 

1434-1 

14-8 

1748-6 

1515-1 

21*3 

1620*0 

1395-0 

11*7 

±74-6 



224-8 




It is observed from this table that, with the application of 3.5 kg. N/ha 
through various sources, the kapas yields were enhanced in both the seasons, but 
the beneficial effect of different fertilizer treatments over control was clearly 
marked only during the season 1965-66. Considering the mean yields of two 
seasons, ammonium sulphate, caleium ammonium nitrate, ammonium sulphate 
nitrate, ammonium chloride and urea produced 15-7%, 17-6%, H-fi'/,, 2l'3'% and 
n’7% increased yields respectively over control. 


2, Economics : 

The economics of different treatments, worked out on the basis of costs 
involved due to application of various fertilizers, and the incrca^U'.d yields r(!Sultini^ 
therefrom are presented in table II. The prices of ammonium sulphate, caleium 
ammonium nitrate, amrnonium sulphate nitrate, ammonium chloride and urea 
have been calculated atRs. 366, Rs. 346, Rs. 438, Rs. 400 and Rs. 015 per M T 

S^lf7''anrR, 19." selling rates ot kapas for the seasons 1964-65 and 1965-66 @ 
Ks, 117 and Rs. 125 per quintal respectively. ^ 
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TABLE TI 

Economics of different treatments 


Treatments 

Additional yield 
over control 

Kg. /ha. 

1964-65 1965-66 

Value of additional Mean value 
produce of additional 

Rs./ba. produce 

1964-65 1965-66 Rs./ha. 

Cost of 

fertilizer Net 
and its, : profit 
application , Rs./ha 
Ks./ha. 

Net profit 
per 

: Rupee 
invested 

Control 


- 


- 


- 

- 

- 

Ammonium 

sulphate 

119-9 

271-5 

140-28 

339-37 

239-83 

66-05 

173-78 

2-63 

Calcium 

ammonium- 

nitrate 

263-0 

176*8 

307-71 

221-00 

264-35 

62-55 

201-80 

3-23 

Ammonium 

sulphate 

nitrate 

216-7 

153-6 

253-54 

192-00 

222-77 

58 80 

163-97 

2-79 

Ammonium 

chloride 

237-8 

294-5 

278-23 

368-13 

323-18 

56 00 

267-18 

4- ‘7 

Urea 

126-2 

165-9 

147-65 

207-37 

177-51 

52-15 

125-36 

2 40 


The figures given in the above table show that, from economic point of view, 
ammonium chloride was the best fertilizer for cotton crop because every rupee 
invested on it gave the highest net profit of Rs. 4*77. 

Summary and Gouciusions 

An experiment was conducted with American cotton^ 320 F, for determining 
the comparative efficiency of ammonium sulphate, calcium ammonium nitrate, 
ammonium sulphate nitrate, ammonium chloride and urea. All of these fertilizers, 
when applied at a uniform level of 35 Kg. N/ha., proved almost equally effective 
in increasing the yield of cotton crop. From economics point of view, however, 
ammonium chloride was found to be more profitable than other fertilizers. It is, 
therefore, advisable to use ammonium chloride in place of ammonium sulphate for 
fertilizing cotton crop in Uttar Pradesh, 
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Introduction 

In cotton, topping implies the pruning of the terminal growing points of 
stems and branches. In the early stage, it is done in order to check linear growth 
and to accelerate lateral branching, while in the late stage, it is resorted to for 
preventing vegetative growth and for inducing earlincss in the plant. 

There are conflicting views of different workers about the usefulness of 
topping. Redding and Kimbrough (1906), in Georgia, reported that topping is 
not advisable for it does not pay. Ayres (1921), in Mississippi, observed that 
topping decreased yield, more so when it was done at an early stage, Templeton 
(1931) also found that there was a deleterious effect of topping on yield. Ghristi- 
dis and Plarrison (1955) reported on the basis of over twenty experiments 
conducted in Greece from 1934 to 1940 that topping was in no case better 
than no topping either in yield or earliness in maturity. It instead depressed 
the yield particularly when carried out rather early. Therefore, they were 
of the view that this practice may profitably be omitted altogether so as 
to save on labour as well as to avoid possible reduction in yield. Bennett et aL 
(1965) found that lodging was almost eliminated and boll rot reduced by topping 
or by a combination of topping and pruning both. According to tlum, topping at 
36, 42 or 48 inches or pruning also brought about a substantial increase in yield. 
Dargan et aL (1965) reported that topping depressed values of almost all the plant 
characters including the final yield axxd rei>ultcd in a loss of income from the crop. 

With a view to assessing the usefulness of topping in cotton crop in Uttar 
Pradesh, investigations were carried out at Government Cotton Research Station, 
Raya (Mathura), the results of which are reported in this article. 

Materials and method 

Two field experiments were laid out, one with American cotton variety, 320F 
(G, hirsutum) and the other with Desi cotton variety, Raniben (G, arboreum)^ 
during each of the seasons 1964-65 and 1965-66. The layout of these experiments 
was in a randomised block design with four treatments as detailed in table I and 
the number of replications was six in each case. The net plot size of these experi- 
ments was 1 2-01 sq. metr< s in 1964-65 and 11*52 sq. metres in 1965-66. All 
cultural, manurial and irrigational operations except the topping treatments were 
uniformly given to the whole crop. The yearwise kapas yield data tvere statis- 
tically analysed to test the variation between difierent treatments. 
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Results and discussion 

The meanlAfljJaj yields obtained under different treatments applied to the 
two varieties' and the mean yields of the two seasons are presented* in tables I 
and II, 

TABLE I 

Kapas yields of American variety^ i2i}F 


rry . Kapas yield (Kg./Iia.) t*- 

Treatments 1964-65 ' 1965-66 

1. Control 894-6 1258-7 1076-65 

2. Topping 6 weeks after sowing 983-1 1170-4 1076-75 

3. Topping 9 weeks after sowing 1045-3 1320-9 1183-10 

4. Topping 12 weeks after sowing 955-4 1260-1 1107-75 

S. E. ±56-91 ±57-38 

C.D. ■ N. S. N.S. 


table II 

Kapas yields of Desi variety, Ranibcn 


Kapas yield (Kg./ha.) 

Mean 

1964-65 

1965-66 

1056-3 

788-5 

922-10 

1001-1 

910-2 

973-65 

930-5 

787-0 

858-75 

961-0 

774-0 

867-50 

±46-04 

± 66-93 


N. S. 

N. S. 



Treatments 

1. Control 

2. Topping 6 weeks after sowing 

3. Topping 9 weeks after sowing 

4. Topping 12 weeks after sowing 

S. E. 

C. D. 


.n '' observed from the above tables that the variations in Kadas viclds d,,.* 
to different treatments were not significant. In the case of American conoii 3901*’ 

towards increase in yield due to topping at 9 wSs 

Summary and conclusion 

in A.Sl““7or3MF MdUSS r' iff “PPi”S '“Se* 

m». Cotlon Research St“o„. Sa ""t, ?■ 

, .endenc, increase .he yield. ’ ThS„dU^«* .1„Xr 
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In previous communications (Dayal and Thakur, 1965 ; 1968 ; 1969rt; H)69Zi), 
we have dealt with some new and interesting species of aquatic jjhycomycctes 
centered around the University Campus during a period of over tlireo years. 
Continued trapping and isolations of aquatic fungi from this region have yielded 
some interesting forms which have not been previously reported from tliis country. 


Description of the Species 


Achlya diffusa Harvey ex Johnson. Jn Johnson, genus Achlya, p. 61, 1956. 

Achlya diffusa Harvey. Jour. Elisha Mitchell Sci. Soc. 58 : 29, 1942. 

Mycelium moderately extensive, diffuse ; two week old colony 2-3 cm in 
diameter, principal hyphae slender, sparingly branched, 39-56 /* in diameter at 
base. Gemmae abundant, filiform, irregular, terminal or inteu'iuilary 
Zoosporangia abundant, filiform or clavate, 150-870 n long by 15-44g in diameter 
predominantly 480-650 /r X 15-26 /i ; renewed sympodially. Zoospore; discharge 
achlyoid ; spore cluster persistent^ at exit pore; encysted spores 10-M /t in diameter 
Oogonia abundant, lateral, occasionally intercalary, 33-144 gin diameter, itredoini- 
nantly 33-78 /», immature ones freely proliferating. Oogonial wall pitting 
variable m frequency and size ; small oogonia unpitted or pitted under point of 
attachment of antheridial cells ; large oogonia pitted, oogonia like hy])Iial .svvtdlings 
intermingled with true oogonia. Antheridial branches usually present, diclinous 
rarely raonoclinous. Oospheres maturing, then quickly aborting; oosiioirs 
eccentric, not usually filling the oogonium, 1-11 in number, usually 3-5, 15-30 a 

in diameter, predominantly 22-26 g, germination not observed. 


Isolated on maize seed 
Thakur Ji, 12 Sept., 1965. 


from pool near Sarnath, Varanasi, U. P., India. Leif 
Culture RD 8. Figs. 1-4. ° 


Achlya orion Coker and Couch. In Coker, Saprolegniaceae, p. 112, 1923. 

_ Mycelium diffuse, extensive ; two week old colony 2-2-5 cm in diaim-tcr • 
pmcipal hyphae slender, 33-72 g in diameter at base. Gemmae when preset 
filiform, clavate or irregular. Zoosporangia abundant, lililbnn or davatc’ 

148 436’xl2Tf ^ 22-59 p in diameter, prc^don.himUly 

148-436 X 22-35 g ; renewed sympodially. Zoospore discharge achlyoid snore 
cluster persistent at exit pore, encysted spores 9-12 M in diamernr n „ • 

abundauq lateral rarely^erminal.'^sphcrSl 24-88^ preChrmtX 

44 55 fi, ™^^ture ones infrequently proliferating. Oogonial wall smooth nU ^ 

p«..d u.d., .he peh., Of h .ntheeiial ce^"' 
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variatioMjn number" of ‘-ft 9^*^® P’«“‘ illustrating 

showing the extremely wide wall nits 4 ““P?"®*? oogonium. Fig. 3. oogonia 

».iu.g m„. £, ”l-r6.£' L SS f£° rUc'h ‘ypi... 

d clmous antheridia. Fig. 12. oogonia wUh curfeH inH ^,’. k®i: ”• >bort stalk oogonia with 




larger in length, than the diameter of the oogonium stout, usually bent, curved 
or recurved, rarely straight or once coiled, infrequently branched. Antheridial 
branches usually present, androgynous, occasionally monoclinous, rarely diclinous. 
Oospheres maturing. Oospores eccentric, spherical, 1-14 in number, g<uierally 
1-3 ; 22-37 M in diameter, predominantly 26-30 |q germination not obs(irvcd. 

Isolated on housefly from pond , water near Ghiraigaon, Varanasi, U, P., 
India. Leg. Thakur Ji, 12 March 1966. Culture RD 17. Figs. 5-13. 

Saprolegnia lappontca Gaumann. Botaniska Notiser, p. 156, 1918. 

Growth delicate, two week old colony 1-1-5 cm on hempseed ; hypbae slender, 
straight, sparingly branched, 7-15 P thick at base ; zoosporangia slightly greater 
in diameter than the hyphae, terminal, repeatedly proliferating from within ; 
gemmae plentiful or few, spherical, fusiform or clavate, often in moniliform 
chains ; oogonia generally lateral, rarely terminal borne on a short stalk or 
sessile, an outgrowth from the oogonial stalk often proliferating up into the 
oogonium, spherical, oblong, rarely, intcu'calary, usually cylindrical in old 
sporangium, 22-73 m in diameter, wall colourless, moderately thick, pits 
numerous and conspicuous of unequal frecpiency •, anthcridia did not develop in the 
entire culture ; oospore numerous, generally filling the entire oogonium, centric, 
spherical, globose or broadly ellipsoid, tawny coloured, 18-12 g in diameter. 

Isolated on hempseed from pond water behind the B. H. U. press, Varanasi, 
U. P., India. Leg. Thakur Ji, 16 Nov., 1966. Slide RD 24. Figs. H— 20. 

Aphanomyces hregtiiare Sicott. In Scott, Gtnvis Aphmomyces, p, 47, 1961. 

Hyphae delicate, hyaline, sparingly branched ; zoosporaugia long, 
filamentous, 5-5-7-4 it in diameter, formed from undifferentiated vegetative hyphae, 
isodiametric ; zoospores encysting upon em(U'g<mce at the orllieo, 7 -11 ja in 
diameter ; oogonia terminal on short lateral branches, splicrical, i8-.5~3() f*. in 
diameter, wall roughened due to irregularities but never witli definite spines or 
tubercles ; oospore 16-22 hyaline or light brown, content finely granular with 
a large, central oil globule ; antheridia single, rarely two, small, clavate, 
antheridial stalks unbranched, short, diclinous or monoclinous ; fertilization tub(!S 
not observed ; germination of oospore by formation of a germ tube. 

Isolated on hempseed from pond water behind B. H, U. press, Varanasi 
U. P., India. Leg. Thakur Ji, 6 Nov., 1966. Slide RD 19. Figs. 21-28, ’ 

Dictyuchus carpoplioius Zopf. Beitragc Z. Phys. XJ. Morph, n, Organismen 3 : 48 

1893. ’ 

Growth thick, two week old colony approx. 1'5 cm in diameter with main 
hyphae upto 85 /x thick at base. Sporangia terminal, lobed, long, clavate or 
slightly cuived, 169-592 m long by 19-37 m broad, often containing a single kw of 
spores. Oogonia terminal, single on long or short branches of tlu; main threads 
spherical, 33-56 |x in diameter, the wall pitted only under the point of antheridial 
attachment otherwise smooth and rarely proliferating. Anthcridia always present 
usually several to each oogonium, borne on slender branches of diclinous origin’ 
which often completely enwarp the oogonium. Oospore single, spherical, smooth, 
eccentric, 18-41 fx m diameter, predominantly 30 ja. Germination of oospore not 
observed. ^ 


r 34 I 




Figs. 14 — 20. Saprolegnia lapponica Gaumann. Fig. 14, Gemmae in a chain. Fig, 15, 
oblong oogonium showing large number of oosphercs. Fig. 16. A globose and cylindrical 
oogonia on the same hypha, Fig. 17. empty sporangium containing a cylindrical oogonium, 
Fig. 18. oogonium with conspicuous pits and with a thick walled outgrowth Irom below, 
Fig. 19. oogonium on a tip of old sporangium, Fig. 20. apical oogonium with some abnor- 
cpajly 4<sveIopcd oosphercs. Figure 14 drawn with scale A, rest with scale B, 



Fig.. 21 - 28 . Aphanmycs xmgdar, &coit. 2 \. Zoo.porangium with it, apical 
cluster of encysted zoospore., hgB. 22-24. oogonia and antheridia. Fig. 25. gcrmina^tini 
oospore. Figs. 26-27. oogonia with monoclinous and diclinous antheridia. Fig. 28, germing 
mg zoospore to form a mycelium, ® 


Isolated on h^pseed from pond water near Agricultural farm, Varanasi, 
U. P, India. Leg. Thakur Ji, 6 Nov., 1966. Slide RD 15. Figs. 29-34, 

Dictyuchus missouriensis Couch. Jour. Elisha Mitchell Sci. Soc. 46 : 227, 1931. 

Growth thick, broad with hyphae upto 24 /i thick, tips ofhyphuc rather 
blunt. Primary sporangia nearly cylindrical, blunt, borne typically in a zig-xae 
sympodium_ with long internodes, later they are formed by the segmentation of 
the hyphae into the long joints and in such case, after the spores arWormed rest 
like geinmae and exhibits a strong tendency to fall away from each other and from 
the hyphae and to he free in the water. Sporangia terminal, long, little broad 
with 17-34 in thickness containing more than single row of spores, proliferat- 
ing by repeated sprouting from the side below to form a sympodium. Spores not 
pcaping from the sporangium as m other genera (except Aplanes), but rLainLg 
m the sporangiuna and forming there a net work of walls from which they emerge^ 
after a rest, by individual openings to the outside. ^ 

Gemmae not* represented unless resting sporangia with spores in them be- 
considered such. Oogonia spherical, oval, "smooth, the wall inpktc " teminal 
on long slender branches measuring about 27-34 m in diameter, pi cdominatUly 
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Figs. 29 — 34. Dictyuchits carpopboruf Zopf. Fig. 29. Sporangia, one detached frona its 
hyphaj and other showine^ some zoospores have escaped through individual exit papillae while 
three arc in the process of escaping. Fig. 30. resting sporangium of peculiar shape. Figs. 31 33, 

long sta ked pitted oogonia with diclinous antheridia and eccentric oospore, Fig, 32. 
liferating oogonium. Fig. 34. pendant oogonium with diclinous antheridia; Figs. 35—42. 
Dktyuchus mtssouriensis Couch. Fig. 35. Sporangium entirely empty of spores, thus leaving 
a ‘net sporangium'. Fig. 36. sporangia in resting state, Figs. 37-- 4;2. smooth walled oogoma 
with eccentric oospore. Figures 29 — 34 drawn with sci^le A, Figs. 35, 37'~~"42 scale B* and 
Fig. 36 with scale C» 




about 29 p. Antheridia did not develop throughout the entire culture period. 
Oospore single, smooth, spherical, eccentric, filling almost entire inner diameter 
of an oogonium, 20—27 /x in diameter, predominantly 24 /a. At maturity con- 
taining only one large oil drop ranging from 10-17 /x in diameter inside the 
protoplasm. Germination of oospore not observed. 

Isolated on hempseed from pond water near Manduadih, Varanasi, U* P., 
India. Leg. Thakur Ji, 20 Feb., 1964. Slide RD 60. Figs. 35-42. 

Summary 

During our floristic study on this little known group of fungi from Banaras 
Hindu University Campus, the authors had an opportunity to isolate and examine 
some of the unrecorded species from this country. The following species have 
been illustrated and described : — Achlya diffusa, A, orion, Saprolegnia lapponica^ 
Aphanomyces irregular e, Diciyuchus carpophorous, and D. missouriensis , 
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Introduction 

The development of embryo sac in Euphorbia heterophylla L. was reported to 
be of the Adoxa type (Sanchez,^ 1938). However, rcinvestigation by Maheshwari 
(1942) confirmed the monosporic type of embryo sac development in this species. 

The present paper deals with the salient features in the development of 
endosperm and embryo in this species. 

Endosperm 

The primary endosperm nucleus divides earlier than the zygote. The nuclear 
division is not followed by wall formation (Fig. 1). Several free nuclei formdd by 
repeated free nuclear divisions are arranged in the peripheral layer of the cytoplasm. 
Each of the nuclei z.sva. Euphorbia hirta 1^5^) has 1-4 nucleoli in it. The 

wall formation sets in prior to the cordate stage of the embryo. It starts from the 
periphery and proceeds _ towards the centre. The cells of the endosperm, at the 
chalazal end are smaller in size with dense cytoplasm while those above this region 
are larger and vacuolate (Fig. 2) at cordate stage of the embryo. At maturity 
the cells of the endosperm get filled with starch. In the mature seeds a consider- 
able part of the endosperm, surrounding the embryo, is present. Thus the seeds 
are endospermic. 

Embryo 

The fertilized egg divides only after a number of free endosperm nuclei are 
formed. The first division of oospore is transverse and results in terminal cell ca 
and basal cell cb (Fig. 3). The cell ca divides prior to cell ci. The vertical 
division in ca results in formation of two juxtaposed cells designated as q. The 
proembryo at this stage is L-shaped and consists of 3- cells, ois., 2- cells derived 
from ca and 1-cell from cb (Fig. 4). Next division is transverse and occurs in cb 
and cells m and ci are formed (Fig. 5). The cell ci divides transversely to form 
cells n and n’ (Fig. 7). The cells of the tier ? divide transversely to form tier f 
and r (Figs. 6, 7). By this time m undergoes vertical division (Fig. 6). The 
division of m may at times be delayed (Fig. 7). The cells in the tier Z divide 
diagonally forming a group of eight cells arranged in a single tier. Four of them 
on the outside are designated as a and four in the centre as MFigs. 6, 7 . The 
cells in i first divide periclinally to produce dermatogen. The derivatives of i 
differentiate into plumule while the cotyledons are derived from the derivatives of 
a. _ Simultaneously, with this the dermatogen differentiates in the tier E as well 
(Fig. 8). The cells of this tier by transverse and longitudinal divisions (Fig. 8) 

[ 39 ] 




Figure 1~9. Euphorbia heterophylla Linn. Fig. 1. L. S. embryo sac showing zygote and 4 free 
endosperm nuclei. Note the degenerating synergid X 450. Fig. 2. Same as above showing cordate 
embryo and cellular endosperm X 200. Figs. 3-8, Stages in development of embryo X 450. 
Fig. 9. Mature embryo X 200. 

ABBREVIATIONS 

Cellular endosperm. 

Em» — Embryo. 

Sye, — Synergid. 

^.—Zygote, 



form the hypocotyl and the radicle. The cell derived from basal cell ch^ 
functions as hypophysis initia]. As mentioned above it divides vertically first. 
By further divisions it gives rise to root tip and root cap. Tliesuspensor is derived 
from cells n and n\ 

The origin of various parts of the embryo from the oospore is given below : 
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Thus the embryogeny in E. heleropkylla in all essential features resembles 
E. hirta (Kajale, 1954), E. hypcricifolia, E. dracunculoides, E.mkrophylla (Mukherjcc, 
1957, 1961) and Kirganelia reliculaia (Deshpande, 1959). 

The mature embryo is dicotyledonous and cordate (Fig. 9). 


Summary and Discussions 

The nuclear type of endosperm development is characteristic of Euphorbia - 
ceae. In Croion sparsijiorus and C. kloizschianue [see^ Venkateshwarlu and Rao, 1963) 
there is formation of a free nuclear chalazal haustorium, a feature not so lar 
reported in other members of this family. Such a feature is common m the members 
of the Proteaceae, the Leguminosae and the Gucurbitaceae. 

The embryo development as in other members of the family Kajale, 

1954, Mukherjee, 1957, 1961, Deshpande, 1959) conforms to the Onagrad type. 
From the figures of Kapil ( 1956). Onagrad type of embryo development appears 
to be present in Chrozopliora obliqua as well. Euphorbia helerophylla, howwer, dillers 
slightly in embryo development from those of Kirganelia rehculata {Deshpande, 
1959 ) ^nd Euphorbia Jnicr Op hylla (Mukherjee, 1961). In Iiirganelia rehculata veitical 
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wall first appears in m and thus L- shaped proembyro is not fomicd^ ^ 

K. reticulata and E* niicrophylla both^ cells a and b are not dilleiciuiat(.d itoni the 

tier L 
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Introdwction 

In nature amino acids are often available to the organisms in a mixed form. 
A number of investigators, therefore, have studied in vitro growth and sporulation 
responses of various fungi to mixtures of amino acids. Lilly and Barnett (1 951, 
p. 106) obst'rved that a combination of amino acids may or may not be bettor 
utilized than a single amino acid. The effect of an individual amino acid on the 
utilization of another varies with the amino acids invo Ived and the fungus 
concerned. Lronian and Lilly (1940) studied the growth of Phycomyces Makes- 
leeamis on five amino acids separately and in mixtures. They found better growth 
of the fungus in combination of mixtures than in any individual amino acid. 
Bilgrami (19:j6) carried out similar investigations on Pesialotia mangiferae and 
Phyllosticta cycadina. He reported that amino acids both as good and poor sources 
of nitrogen were simultaneously assimilated from the mixture. Tandon and 
Bilgrami (1957), Raizada (1957) and Ram Dayal (19‘39) have also observed the 
effects of combination of amino acids on tln^ growth of the organisms investigated 
by them. This paper deals with similar studies on tliree pathogenic fungi, which 
were earlier reported by the author (Prasad, 1962) to cause leafspots of "Litcbi\ 

Material and Method 

Pestalotia pauciseta Sacc., Botryodiplodia theobromae Pat. and Collet otrichum gloeo'- 
sporioides Penz. were isolated Irom diseased leaves of Nephelium litchi Gamb. 
Pathogenicity of the fungi was established on the host by artificial inoculations. 
The effects of a number of amino acids on the growth and sporulation of these 
organisms were studied in previous experiments by the author (Prasad, 1963) and 
the dry weights were statistically analysed on the basis of which the different 
sources were graded as poor, moderate and good. The rates of utilization of 
these substances by the pathogens were also determined chromatographically by 
looking at the bands which disappeared with the full utilization of the substances 
after certain days of incubation. As the incubation period was only of 15 daysj 
the utilization of the amino acids and their mixtures by the organisms was not 
studied beyond that period. The sporulation was rated as poor, fair, good and 
excellent depending upon the number of spores seen in the microscopic fields 
under the low power of the microscope as follows : 1 - 10 : poor, 11 - 20 : fair, 

21 ~ 30 : good and 31 and above : cxcelleitt. 

On the basis of the results obtained in the experiments with individual 
amino acids as detailed above, a combination of four amino acids consisting of 
both poor and good sources was selected for each of the three fungi. The KNO., 
of the basal medium (10 g glucose+3*5 g KNO3+0*75 g MgSO^, 7H20 + 1‘75 g 
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KH PO mixed in a litre of distilled water) was replaced with tlic amino acjd& lh 
^ 1 j. tai trrKTPTi inrcsciit ijti ilic lour iixiiHXo cicicls lAlcc-n 

such a way that ^ i 3.5 „ ^ KNO-,. The amounts of individual 

kS“og”,pMca7;r,i4“^^ 

• 1 o^frlci from the mixtures. The procedure of Raiijau et aL (19oJ) was 
Mowed for chromatographic work. The dry weights of the fungal niats were 
taken after every 5 days for which experiments were run separately m triplicate. 
Snorulation was observed on^ of 15 days d' incubation P. J>auctseta 

TOS grown on a mixture of DL-phenylalanine, DL-serme, DL-lysine an 
L (-) cystine. Except the last one the rest had proved to be poor sources for the 
growth of this organism. B. theobromae was incubated _ on a mixture _ of 
DL-a-alanine, L-histidine, L (-) cystine and DL-methionme. DL-a-alanme 
aad L (-) cystine had been found to be poor sources for this pathogen, wnile 
L-hisiidine a very good one. DL- methionine, however, had proved to be a very 
poor source, C. gloeosporioides was cultivated on a mixture of glycine, L’-asparagni 
L cystine and DL- methionine. Except glycine, which was found to bo pooi 
source of nitrogen for this organism, the other three amino acids served as good 
sources. Thus the three mixtures contained both good and poor Sources ol 
nitrogen in the form of different amino acids. 


Obsesrvatlons 

The growth data have been depicted in Figs. 1 to 3 and the utili 2 :ation ol me 
amino acids supplied individually and in mixtures as well as the sporulation 
gradations have been shown in the Tables 1 to 3. 

TABLE 1 

Utilizc^tion of amino acids (supplid individually and in mixture) by P. pauciseta 
together with the effect on its sporulation 

Presence of amino acids in the medium 

Amino acid Sporulation 

Days 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


DL-phenylalanine (supplied 

individually) _ + + + + ++ + + ++ + + _-_ Good 

DL phenylalanine (supplied 

in mixture) _ _ _ + + + + ++ + + ++ + + ++ + 

DL-serine (supplied indivi- 
dually) ^ + + + ++++ + + ++ 4* i^air 

DL-serine (supplied in 

mixture) ^ +4+++++ + ++ -I- + H- + + 

DL- lysine (supplied indivi- 
dually) + + + + + + + + ++ -h + Excellent 

DL-lysine (supplied in 

mixture) 444444+4+-!-. j. 4 44 

L (-) cystine (supplied in- 
dividually) + + + + + ++ + ++ + + + r|- Poor 

L (-) cystine (supplied in 

mixture) 44444 4 + 44 + 4 4 4 4 4 

Mixture Fair 
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tABLE 2 

Utilization of amino acids {supplied indiviiually and in inixture) by B. theobronia" 
together with the effect on its sporulation 

Presence of amino acid in the medium 

Amino acid Sporulation 

Days 

1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 


Dl-a- alanine (supplied in- 
dividually) + + + + ++ + + ++ + + + - - 

Dl-a-alanine (supplied in 

mixture) + + + + ++ + + ++ + + + + + 

L-histidine (supplied in- 
dividually) + 4 + + ++ +-H+ + ^ ^ _ __ 

L-histidine (supplied in 

mixture) + + + + ++ ++ ++ +•+ + ^ ^ 

L(-) cystine (supplied in- 
dividually) 4 4 + 4 + - 1 - 4 + 4 4 4 4 4 4 

L(-) cystine (supplied in 

mixture) + +• H- + 4- + -i- + + 4- 4- 4> 4- 4- 

DL-methionine ( supplie d 

individually) 4-4- + 4-4-4--h4'4- 4- 4-4- 4- 4- 4- 

DL~methionine (supplied in 

mixture ) 4-4-4-4-4-4"4-4-4-4-4-4"4”4-4“ 

Mixture 


TABLE 3 

Utilization of amino acids {sepplied individually and in inidure) by G. gloeosporioides 
together with the effect on its sporulation 

Presence of amino acids in the medium 

Amino acid Sporulation 

Days 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


Good 

Fair 

Fair 

Fair 

Poor 


Glycine (supplied indivi- 
dually) ^ 44.4-f4- + 4-4-4-4-4*f 4-4-4- 

Glycine (supplied in mix- 
ture) ^ ^ ^ 4-4-4-4-4- + 4-4-4-4-4-4-4 4-_^ 

L-asparagin (supplied in- 
dividually) 44444-4-4 -f- « ^ _ 

L-asparagin (supplied in 

mixture) ^ ^ 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4- 

L(~) cystine (supplied in- 
dividually) 4-4-4-4-4'4-4--F4-4- 4- 4- 4-4- 4- 

L(-) cystine (supplied in 

mixture) 4-44-4-4-4-4-4-4- + 4 4- 4-4- 4 

DL-methionine (Supplied 

individually) -I- 4 4 + + 4- 4 4 4- 4 4 4 +4 + 

DL-methionine supplied in 

mixture) + 4 4 4 444 4 4 4 4 4 + _ ^ 

Mixture 


Fair 

Fair 

Fair 

Fair 

Excellent 
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The results presented in the Figs. 1 to 3 showed that the total dry weights oi 
the fungal mats of the organisms secured on the mixtures in 15 days was better 
than the mycelial harvest of the pathogens obtained on any individual amino acid 
comprising the mixtures. Ihe rates of growth of the fungi on the mixtures 
showed almost the usual general pattern. It was very fast during the first 5 days^ 
but it Suddenly dropped off during the next 5 days. A steady decline in the 
growth rale followed during the last 5 days of incubation. 

The gradual decrease in the intensity of the bands on the chromatograms 
indicated that the good and poor sources of amino acids were assimilated simul- 
taneously. 

It is clear from Table 1 that none of the amino acids employed could be 
fully utilized from the mixture by P, pauciseta within 15 days. Dl- phenylalanine 
and DL(-) lysine were used up within the incubation period when supplied indivi- 
dually, while Di-serine and L(™) cystine had not been completely used up by this 
pathogen in 15 days. Similarly Table 2 shows that L- histidine, and DL-a-alanine 
wt re consume I by B. theobromae within the incubation period when supplied 
individually but L(-) cystine and DL- methionine persist d till the end of incuba- 
tion period. None of these amino acids could be fully utilized within 15 days 
from the mixture except L“ histidine of which no tiace could be found on the 
14th day. Table 3 reveals that C. gloeosporioides had completely used up 
L-asparagin in 8 days only when supplied individually, while it could not consume 
DL-m thionine, L(-) cystine and glycine wiihin the incubation period. When 
supplied in mixture, glycine and DL~methioniiie were consumed within the 
incubation pe riod, but L-aspuragin and L(-) cystine persisted till the end. 

From the above tables it is also clear that P, pauciseta produced only fair 
sporulation on the mixture of the amino acids. Individually DL-phenylalanine, 
DL-serinc, DL- lysine and L(-) cystine had induced good, fair, excellent and poor 
sporulations, respectively. B. theobromae produced only poor sporulation on the 
mixture of the amino acids. Individually L-histidine, L ( - ) cystine and 
DL-methioninc had induced fair sporulation of the pathogen, while DL-a-alanine 
had supported good sporulation C, gloeosporioides developed excellent sporulation 
on the mixture of the amino acids. Individually all the four sources had induced 
only fair sporulation of this organism. 

Summary and Gosiclustoii 

In each case the mixture of the amino acids proved to be a better source for 
the growth of the organisms than the individual amino acids. Though ail the 
three pathogens simultaneously used the amino acids from the combinations, 
B. theobrornae and C. gloeosporioides utilized them at different rates, but P. pauciseta 
seemed to consume both good and the poor sources at the same rate. In most 
of the cases ihe rates of utilization of the different amino acids when supplied 
individually had no direct relation with their utilization from the combinations 
and in general the suitability or unsuitability of an amino acid could not be 
correlated with its rate of utilization from the mixtures. Similarly the sporulations 
of the organisms obtained on the combinations could hardly show any relation- 
ship with the sporulation of the pathogens sectived on individual amino acids. It, 
therefore, was evident that the same amino acids did not produce similar effects 
on the growth and sporulation of the present fimgi when supplied individually and 
in mixtures. 

Ackuowledgemeii t 

The author is greatly indebted to Professor R. N. Tandon for guidance and 
his valuable suggestions. 


i 47 ] 



References 

Bxlgrami, K. S. Pathological and Physiological studies of som(i fungi causing 
leaf spot diseases. D.PhiL Thesis, University of AHahab ad ^ 1956. 

Leonian, L. H. and Lilly, V. G. Studies on the nutrition of fungi. IV. 
Factors influencing the growth ol some thiamine requiring fungi. 
Amer.J. Bot,, 27: 18-26, 1940. 

Lilly, V. G. and Barnett, H. L. Physiology of fungi. Me Craw Hill Book 
Company Inc. New fork, 1951. 

Prasad, S. S. Two new leaf spot diseases of Nephelium litchi Oamb. Gurr. Set., 
31 : 293, 1962. 

Cultural and Pathological studies of certain fungi imperfecti. Ph.D. 

Thesis, University of Bihar, 1963. 

Raizada, B. B. S. Physiological, Gytological and Taxonomical studies of 
some Mucorales. D.PhiL Thesis, University of Allahabad, i957. 

Ram Dayal. Utilization of amino acids by some Saprolegniales. Proc. Nat 
AcacL ScL (India), 29 B : 49-52, 1959. 

Ranjan, S., Govindjee and M. M. Laloraya. Chromatographic studies on 
amino acid metabolism of healthy and diseased leaves of Croton sbarsi^ 
florus Morong. Proc. Nat. Inst, ScL, 21 : 42-47, 1955. 

■ Tandon, R. N. and Bilgrami, K. S. Nitrogen nutrition of Phyllosticta arto> 
carptna (Syd. et ButL). Proc. Nat. Acad. Sci. (India), 27 B : 269-273 

1 Q R 7 ^ 


r 4s 1 



I^r6c. Nat. Acad.^^ci., 1^68. 


Occurrence of Bacteria Antagonistic to Fusarium oxysporumj. 
cumini and other soil fungi in cumin wilt siclc-soil 

By 

B. L. MATHUR & R. L. MATHUR 
Plant Pathology Laboratory, Department of Agriculture, Rajasthan, Jaipur 
[Received on 6th June, 1966] 

Chudiakov (1935) isolated from soil bacteria that were capable of bringing 
about the lysis of different species of Fusarium as well as other fungi. These 
bacteria were found to be widely distributed in most soils ; they were absent, 
however, in flax sick soils. Out of 34 isolates oi Bacillus sub tills tested by Anwar 
(1949) against Fusarium lini Bolley, 10 bacterial isolates were moderately anta- 
gonistic and three inhibited the growth slightly. INaim, Mahmoud and Hussein 
(1957) isolated Bacillus subtilis which affected the morphology of Fusarium oxysporum 
Schlecht and induced antolysis and myc Ual deformities. Since fungi diff r in the 
dcglree of tolerance to antagonistic, bacteria, study of the bacte.ia isolated from 
cumin wilt sick soil with reference to their antagonistic effect on a number of soil 
fungi including the cumin wilt causing organism [Fusarium oxysporum f. cumini PraSad 
and Patel) was undertaken in vitro and the results are pres-mted in this paper. 

Soil from six inches diameter around the diseased plants from cumin wilt 
sick fields was c )llected in March after scraping the surface soil, Bacte.ial isola- 
tions were made by soil dilution plate method on potato dextrose agar. To 
determine the antagonistic effect, bacterial suspensions were streaked on one side 
of potato-dextrose-agar plate and the test fungus organism seeded on the other 
side. The plates were incubated at room texnperature for about a week and inhibi- 
tion zone measured thereafter. Pathogenic isolate of Fusarium oxysporum f. cumini 
Prasad and Patel, Fusarium oxysporum /. corianderii Kulkarni, JNikam and Joshi, and 
F. solani (Mart.) Sacc., F, semitectum Berk and Rav,, Cwri/w/ana (Wakker) 
Boedijn, Sclerotium sp., Pythium sp. and Alternaria tenuis Auct. isolated from Jaipur 
soils were tested in the study. 

In the preliminary screening tests Alternaria tenuis Auct. was used as a test 
organism. Bacterial isolates of Bacillus subtilis showing antagonistic properties were 
selected and put to test against other fungi. The inhibition zones produced by the 
promising isolates of Bacillus subtilis as a measure of their antagonistic property 
against different fungi are given in table 1 . 

Data presented in table 1 clearly indicate that variation existed in the anta- 
gonistic property of the isolates against different fungi tested, although the most 
highly antagonistic isolates (B. S. 16 and 17) showed good activity against all. 
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TABLfe . ^ 

Comparaim antagonistic activity of isolates 0 / Bacillus subtilis/rom cunm wilt 
sick soil expressed as inhibition zones in mm. 


Inhibition zone in mm. 


Isolate No. 

A 

B 

Test organism 
C D 

E 

F 

G 

H 

B. S. 2 

12-5 

5-0 

2-5 

- 

3-5 

5-5 

- 

- 

B. S. 3 

3-0 

+ 

3-0 

2-5 

+ 

3-0 

5-0 

5*0 

B. S. 4 

3-5 

4-5 

2-0 

+ 

- 

4-5 

- 

- 

B. S. 5 

2-0 

- 

- 

6*0 


10-5 

6-0 

9-0 

B. S. 6 

13-0 

5-0 

IbO 

5-0 

3-0 

12-0 

+ 

8-5 

B. S. 7 

8-5 

+ 

+ 

- 

- 

6-5 

+ 

2-0 

B. S. 8 

12-5 

3-5 

7-5 

3-5 

4-5 

11-0 

+ 

8-0 

B. S. 9 

9'5 

8-0 

6-5 

2-0 


10-5 

+ 


B. S. 10 ■ 

7-0 

— ■ 

- 

6-5 


5-5 

4-5 

IbO ’ , 

B. S. 11 

5*5 

_ 

- 

2'5 

- 

5-5 

3-5 , 

7*5 

B. S. 12 

IbS 

2-5 

4-5 

6-5 


12*5 

2*5 

12*0 

B.S. 13 

5-5 

1*5 

1-5' 

3-5 


7*5 

4-5 

10*5' 

B. S. 14 

13-5 

10-0 

10-0 


- 

8-5 

3*0 

_ 

B. S. 16 

13-5 

10-5 

12-'0 

11-5 

5-5 

13-5 

11-5 

10-0 

B. S. 17 

15-0 

11-0 

9-5^ 

lO'O 

3-5 

15-0 

12-0 

6-5 

B.S. 18 

15'5 

- 

- 

2-5 

- 

12-5 

12-5 

5-5 

B.S. 19 ■ 

10-5 

- 

- 

2-5 


7-5 

+ 

7*5 

B.S. 20 

12-0 

+ 

+ 

+ 

+ 

10-5 

- 

- 

B. S. 21 

11-5 

- 

- 

4-5' 

- 

12-5 

2-5 

13-5 

B. S. 22 • 

10-0 

+ 

- 

5-5 


lOh 

2-5 

8-5 . . 

B.S. 23 . 

10-5 

10-0 

+ . 

5-5 


10*0 

2’5 

11-0 , 

Note : . ’ 


A — Allirnari tevuis ; B—Fusarium oxysporumf. cumini ; C — F. cxyspofvmj, cerianditii ; 

D — F.iolanii E — F. lemiltctum ; F — Lurvularia lunata ; C — Sclerotitim ap. Fi— ft tp. 

+ = Less than 1 mm. ; - = ^egative inhibition. 

Amongst, the four Fusaria tested, Fusarium semilectum Berk, and Rav. was h ast 
prone to inhibition as only 33 per cent of bacterial isolates could produce inhibi tion 
zones which tpo were comparatively much smziLci. Fusarium oxysporumf. cuniini and 
F. oxysporumf. corianderii showed more or less a similar trend in their susceptibility 
to bactenal antagonism, although marked differences were indicated with isolatt.s 
B. S. 23 and 3 and variation existed in the size of the ?ones produced by diflbrcnt 
isohiti s against the two lungi. Fusarium solani (Mart.) Sacc. appeared to l)c more 
affected as 19 out of 21 isolates tested could induce its inhibition as compared to 
two vascular wilt fungi, pronounced differences existed- in their reaction towards- 
several bacterial isolates B. S. 5, 10, 11, 18, 19 and 21 producing inhibition zones.. ; 
and 14 none against F. solani only. 


[ 50 J 



All isolates exhibiting inhibitory effect against Alternaria tenuis were also 
antagonistic to Curvularia lunata (Wakker) Boedijn but differed considerably in the 
degree of inhibition incited particularly in case of isolates B. S. 2, 5 and 14. The 
bacteria in general showed slight effect against Sclerotium sp. with the exception of 
isolates B. S. 16 and 17 (commonly highly antagonistic) and B. S. 18 producing 
strong inhibitory effect. With respect to Pythium sp. the trend of inhibition was 
the same as for Alternaria tenuis except, that four isolates 'B. S. 2, 9, 14 and 20) 
■failed to produce inhibition against this fungus and one isolate B. S. 10 w’as com- 
paratively more and three isolates i^B. S. 6, 17 and 18) less inhibitory. 

Microscopic examination of inhibition zones in agar plates was made. 
.Dccassionally isolated hyphae grew into th.’: intervening !zone, but with this excep- 
tion the grow^th of the fungus sooner or later was stopped. The bacteria produced 
a diffusable agent wdiich diffused into agar media, producing ^stale water’ that 
was inhibitory to the growth of the fungus. Vasudeva and Roy ( 1950) reported 
that certain strains Bacillus subiiiis secreted inhibitory substances and inhibited 
o^Fusarium udiim on solid media. Vasudeva and Ghakravarthi ( l954) 
obierved that the degrt*e of inhibition varied with the different fungi, Alternaria 
s olani ‘dXid Mactophomina phaseoli being the most sensitive. At the (‘dge oi inhibition 
zones, various morphogenic deformities were observed which included abnormal 
branching and club shaped hyphul dp;, heavy chlamydospore formation. The 
bacteria induced swelling of the germ tubes or the production of an appressorium 
like structure on agar (Fig. 1). 




Pig. I. Tnfluence of Bacillus fwA^i7i.M*solate 1 7 upon the growth of A — Alternaria tanuis ; B— 
Fmarium oxvst)orum f, ctimini 1 . Normal mycelium ; 2, Ohlaravdosporc formation in 

Alternaria tmuit anH abnormal hranchin? in F, oxysporum f, ctimini. 3. Swelling of the 
germ tube and production of appressorium like structure in spores, 
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Summary 

The isolates of Bacillus sabtilis ohte^imd from cumin wilt sick soil have been 
found to inhibit the growth of cumin wilt fungus Fusarium oxysporumf. cumini and a 
number of other soil fungh The bacterial isolates were also observed to ha,ve 
variability in their capacity to antagonise not only representatives of dilFcrcnt 
genera of fungi but even different species and formae within the same species. 
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A contribution to the embryology of Erythroxylaceae 
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Introduction 

Schnarf (1931) summarised the early embryological work in the family 
Erthroxylaceae. Later, Mauritzon (1934) studied the embryology of Erythroxyium 
coca, INarayana (I960) studied the gametophyies in E, monogynum and E. mooni ; 
subsequently (1964) published a brief note on the embiyology of £. lanceum, 
E, cuneaium^ E, ecarinatum^ E, mooni and E, monogynum. Most of iliese studies are 
incomplete and there is no detailed information on embryogtny, fruit and seed 
development. Hence the pre;5ent detailed study on the embryology of E, cuneatum 
lLviVZ,y E, ecarinaimn E.kunthianum A. St, HiL, E, Lanceum Boj., E, novo^ 

gratanense (Morris) Hieron*, E, novogratanense var. huanaca^ E, coca Lam. and E, mooni 
Hochr. has been undertaken in a comparative manner. 

Materials and Methods 

The materials were fixed in F, A. A. and then preserved in 70% ethyl alcohol. 
Customary methods of dchydiation, infiliration and embedding were followed. 
The sections cut at a thickness of 7-12 microns were stained in Delafield’s 
hacmatoxylin and erythrosin combination. 

Observations 

Microsporogenesis and male gametopi&yte 

The male archesporium consists of two hypodermal rows of cells which show 
prominent nuclei and dense cytoplasm (Fig, 1). The differentiated anther shows 
four wall layers bcneath’the epidermis (Figs. 2, 4), except in E, novogratanense var. 

where five wall layers are formed (Fig, 3). The innermost wall layer 
functions as the secretory tapetum (Figs. 2-4 . To start with, the tapetal cells 
are uninucleate with vacuolate cytopjasm (Fig, 2). When the microsporocytes 
enter the prophase of meiosis I, the tapetal cells become binucleate (Fig. 3) and 
these persist up till the formation of uninucleate microspores (Fig. 4). The 
hypodermal wall layer forms the endothecium whose cells show the characteristic 
fibrous thickenings (Fig. 5). The middle layers and the tapetum become crushed 
towards the maturity of the anther (Fig. 5). There is an accumulation of tanni- 
ferous material in the epidermal cells of the anther (Figs. 2-5). The divisions of 
the microsporocytes lollow the simultaneous method and cytokinesis takes place 
by peripheral cleavage furrowing (Fig. 6) resulting in tetrahedral (Fig. 7) or 
decussate (Fig. 8) types of microSpore tetrads. F.ipo pollen is 3>celled (Fig. 14). 
The polltn grains are 3-colpate and the exine is finely granular. 

^Present Address ; Department of Botany, Arts and Science College, Osmania Univer.dty, 
VVarangal (A. P.) 
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Ovule 

The ovule is crassinucellate, bitegmic and anatropous (Figs, 15‘-17). The 
ovular primordium arises as a small protuberance on the placenta and gradually 
grows in size. During development it bends down, then curvtjs upwards 
(Figs. 15, 16) and thus beconi' s anatropous with an upwardly directed nucropylc 
(Fig. 17).^ The funicular vascular strand terminates at the base oi' tlu^ olialaza 
(Fig. 17). Tne five to eight layered inner integument extends abovt; tlic nucudlus 
and forms the microp>le (bigi. 16,17). The outer integument which is three 
ceiled thick, nearly reaches the height of the inner integument but does not take 
part in the formation of the micropyle (Fig. 17). The inner epidermis of the 
inner integument dilferentiates into the endothelium (Fig. 17) the cells of which 
are radially elongated and show prominent nuclei and vacuolate cytoplasm 
(Figs. 21, 22). The nucelius is elongated (Fig, 17) with 3 ”4 parietal layers 
(Figs. 19, 20). 

Magasporogeaesis and female gametophyte 

A liypodermal archeiporium is dificrentiated before ihe initiation of llic 
integumentary primordia. It divides Fig. 18) into an ujipcr primary pari(!ial 
cell and a lower nugasporucyte (Fig 15 ; the parietal cell b> iunluu' divisions 
gives rise to a parietal tissue of three to four layers (Figs. 16, 19,20), Tlic 
megasporocyt : und ‘rgoes the m douc divisions and gives rise to a linear tetrad of 
megaspores (Figs. 16, 20). The lower most megaspore is functional and as a 
result of three sucessive free nuclear divisions gives rise to an octonucl ‘ate embryo 
sac. The development of the embryo sac thus follows the I'olygoutun type 
(Maheshwari, 1950). The polar nuclei fuse before fertilization and tlxe secondary 
nucleus lies near the egg apparatus (Figs. 2i, 22), The hook ‘d synergids show 
filiform apparatus (Figs. 21, 22). The antipodals are ephcmoral. During de velop- 
ment the embryo sac elongates crushing the parietal c. ils above and the nuc.rllar 
ceils below (Figs. 17, 22). The elongation of the antipodal end of the (uubiyo 
sac towards the chalazal region is particularly well pronounced and the xnature 
embryo sac borders upon the endothelium (Fig. 22). 


Fertilization 

Ths entry of the pollen tube is porogamous and in E. novogratanense a persist*- 
ing pollen tube was observed at the 2-cellcd stage ol the embryo (Fig. 23). 


Endosperm 

The endosperm development follows the nuclear type (Figs. 21, 25). The 
primary endosperm nucleus divides to form two nuclei and these divide further to 
form a large, number of irce nuclei which come to lie along the pcriplu^al region 
ofthe elongated embryo 5:ac (Figs. 24, 25). Qsually there is an aggregation of 
endosperm nuclei around the developing embryo (Fig. 25). During early stages 
of embryo development cytokinrsis proceeds centripetally along the sides and from 
the micropylar to the chalazal end (Fig. 25). While the globular embryo is 
surrounded by the endosperm tissue its lower end remains still free nu’clear 
(Fig. 26). Ultimately this region also becomes cellular (Fig. 27). Below the 
cellularendosperma iewnucellar cells persist (Fig. 27). Although, a portion of 
the endosperm IS used up by the developing embryo, it persists in tlm mature 
seed (tigs. 75, 7b). _ The endosperm cells are thin-wailed with vacuolate cyto- 
plasm and at maturity are filled with granular materials (Fig. 28) 



Embryogeny 

The first division of the zygote (Figs. 29, 38, 48, 54, 57, 61) is transverse 
resulting in the terminal cell ca and the basal cell ch (Figs. 30, 62). Both ca and 
cb divide transversely forming a tetrad of four superposed cells /, m and ci 
(Figs. 31, 40, 49, 59, 63). Sometimes, the division in cb precedes ca when the 
proembryo con ists of three cells arranged in a row (Figs. 39, 55, 58), Now,/ 
divides vertically giving rise to two juxtaposed cells (Figs. 32, 56), while /’ divides 
transversely forming two superposed cells (Figs. 32, 33, 41, 42). The cells of the 
tier I undergo another vertical division at right angles to the first resulting in 
quadrants (Figs. 33, 41, 42, 43, 50, 51, 64, 65). The upper daughter cell of V 
undergoes two vertical divisions at right angles to one another (Figs, 34, 35, 42, 
43), while the lower daughter cell divides giving rise to two superposed cells 
(Figs. 34, 35, 43, 44). Of these, upper one functions as hypohysis ; m also divides 
transversely giving rise to two superposed cells d and J (Figs. 33-*35, 42-46). 
Sometimes the division in m may be delayed (Fig. 44). By about this time n may 
divide to form two superposed cells (Figs. 35, 53, 68, 69) or remain undivided 
(Figs. 36, 45, 46, 60). rC divides to form two superposed cells o and p (Figs. 35, 
36, 45, 46, 65-67). Sometimes o and p further divide to form a row of four cells 
(Figs. 68, 69). Vertical divisions in the cells of the terminal tier I lead to the 
octant stage (Figs. 35, 44, 52). Soon the dermatogen initials are laid down in 
this tier and this follows the subterminal tier also (Figs. 45, 66, 67). By further 
divisions in the cells of the tiers / and V the embryo becomes globular (Figs. 36, 
47, 53, 60, 68). The derivatives of I engender the cotylendons and stem ap(*x and 
those of the uppermost daughter cell of the tier V give rise to the hypocotyl, while 
the licr below it functions as the hypophysis. In E, coca and.fi'. rnooni, the cells of 
/’ undergo only vertical divisions (Figs. 50-52, 64, 65). The derivatives of V \ 
engender the hypocotyl region and m functions as the hypophysis. The lowermost 
daughter cell of /’ and the cells d^f^n,o,p contribute to the formation ot sus- 
pensor. The embryo developmeirt thus follows the Solanad type of Johansen 
(1950) and keys out to the Linum-variation. The mature embryo is dicoty- 
ledonous (Fig. 37). ■ ' ‘ 

Thj following schematic representations show the derivatives of the different 
embryonic tiers in Erythroxylum cuneatum, E- kunthianum, E, lanceum^ E. novogratanense 
and E. novogratanense var. huanaca (Scheme I) and E, coca and E> mooni (Scheme II)’ 
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Fruit 

The furit in the various species oi Er^throxylum is a chiipe with tlic jx^rsistcnt 
calyx only at the base. In a young fruit, the loculus of the fertile carpel shows a 
single fertilized ovule and the loculi of the sterile carpels are empty (Fig. 70), 
However, in£’. cuneatum rudimentary ovules were noticed. The ovary wall at this 
stage shows an epidermis covered by a thick cuticle. It is followed by seven to 
eight layers of parenchymatous cells filled with starch grains (Fig. 72) of which 
the hypodermal consists of palisade-like cells. The epidermis lining the loculi of 
the fertile and sterile carpels consists of thin walled, tangentially flattened cells 
with prominent nuclei and vacuolate cytoplasm (Figs. 72-74). 

During post-iertilization development the pericarp undergot s certain changes 
and becomes differentiated into epicarp, mesocarp and endocarp. I’he epicarp is 
represented by the thickly cutinised epidermal cells with dense tannift^rous 
contents. The mesocarp which follows the epicarp consists of a broad zone of 
thin- walled parenchymatous cells. The hypodermal layer and a few layers b low 
become radially elongated and enclose numerous starch grains. The innermost 
layers form the endocarp. Of th'.se, the layer lining the loculi consists of tangen- 
tially elongated, thin- willed cello with prominent nuclei and vacuolate cytoj:)lasm. 
The remaining layers next to it become prominently lignified (Figs. 73, 74). The 
loculi of the sterile carpels become incorporated into the mature pericarp with the 
result there is only one seed in the fertile loculus (Fig. 71), 


Seed 

The seeds in are cndospermic with a straight, dicotyledonous 

embryo. Both the integuments contribute towards the formation of seed coats 
(Figs, 75, 76). At the embryo sac stage, the outer integument is three layt^red 
while the inner is five to eight layered in thickness ^Fig. 17). The cells of the 
epidermis of the outer integument show dense deposition of tannin (Fig. 77) The 
two ^er layers of the outer integument are thin-walled and parenchymatous 
(rigs. 77, 78). To start with, the cells of the outer epidermis of the inner 
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iiitegumeixt show preminent nuclei and vacuolate cytoplasm. The inner epidermic 
of the inner integument which forms the endothelium is made up of radially 
elongated cells with prominent nuclei and vacuolate cytoplasm (Fig. 77). The 
cells in between increase in number and become four to seven layered (Figs. 77-80). 

During seed formation the integuments undergo changes. The epidermis of 
the outer integument alone persists while the layers below it become pressed 
(Figs. 77-81). The ceils of the outer epidermis of the inner integument become 
prominently thick- walled (Figs. 78-81) and in a longitudinal section the thicknings 
appear band-like (Figs. 78, 79). In E. rnooni tht outer integument at about the 
globular stage shows four layers and most of the cells are filled with tannin 
(Figs. 79). The endothelium persists as a deeply stained layer (Figs. 78, 80, 81). 
The thin- walled cells between the outer and inner epidermal layers become 
crushed and completely disappear in the mature seed coat (Fig. 81). 

Discussion 

The anther is 5-layered in all the invesitigatc d species except in E. novo^ 
graianense var. huanaca^ where it is 6-lay{‘red. A fibrous endothecium is diffi^rpn* 
tiated from the hypodermai layer. The binucleatc anther tapetum is of the 
secretory type, as also leported by Narayana (196Uj in^". monogynum and E. mooni. 
It thus con esponds to the second type of Cooper (1933). Formation of a slimy 
substance (Sclmarf, 1931) was not noticed in any of the species investigated. The 
divisions of the microsporocytes follow the simultaneous type. Both tetrahedral 
and decussate types of microspore tetrads have » been noticed in the present study, 
while Narayana (1960) reported only tetrahedral microspore tetrads for E. mono- 
gynuvi and E* mooni. According to Schnarf (1931) the pollen grains are three celled 
at the shedding stage. Narayana (1960) however, reported a 2-celled condition 
for E, monogynum nnd E» mooni. The present study shows that the pollen grains 
are tiirec celled at the shedding stage. Unlike Linaceae the exine ornamentation 
is uniform. Families with such uniform ornamentation in the exine are described 
as stenopalynous by Erdtman (1952). 

The ovule is crassinucellate, bitegmic and anatropous and an obturator is 
absent. It the mature ovule the outer int* gurnent is three layered and the inner 
is five to six layered. The micropyle is formed only by the inner integument. An 
endothelium consisting of radially elongated cells with prominent nuclei and dense 
cytoplasm is differentiated in all investigated species of this family. 

The primary archesporium consists of a single hypodermai cell. A parietal 
tissue of three to four layers is formed. Development of embryo sac follows the 
Polygonum type as in other members of this family (Schnarf, 1931 ; Mauritzon, 
1934 ; Narayana, 1969, 1964). 

The endosperm is nuclear as reported by Narayana (1964). It becomes 
cellular later. About six to eight layers of this tissue persists in the mature seed. 

There is no detailed account on the development of the embryo in this 
family. Schnarf (1931) reviewing the older literature pointed out the occurrence 
of a suspensor haustorium. Recently, Narayana (1964) reported that in E. lanceum, 
£■. cuneatum, E. ecarinatum^ E. mooni and E. monogynum c mbryo development conforms 
to the Solanad type (Johansen, 1950), but no illustrations were given. The present 
study on the embryogenesis of seven species of Erythroxylum shows that it follows 
the Linum-variation of the Solanad type (Johansen, 1950). 

In all the species studied the fruit is a drupe. The fruit wall shows a 
differentiation into three parts, an outer epicarp consisting of a prominently 
cutinised epidermis, a middle mesocarp made up of radially elongated thin-walled 
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EXPLANATION TO FIGtlHfiS 


Figs. 1, 19, 48-53 Erythroxylum coca 

2, 17, 22, 58-60 cuneatum 

4, 5, 12-14, 38-47 J?. kunthianum 

6-1 •, 15. 16. 18, 20, 24, 25, 29-37, 70-78. 80, 81 E. larceurn 

26-28, 61-69, 79 E. mocni 

23, 54, 57 E, novoLfrataniim0 

3, 21, 55, 56 E, novogratanem^ var* huanaa 

O.T. = Outer integument, I.T. = Irner integument, Ent = Endothelium, End w Endosperm, 
Emb - Embryo, Epi = Epicarp, Meso = Mcsocarp, Endo = Endocarp 


Fig. 1, T. S. anther lobe showing hypodermal archesporium, 

2. T. S. antber lobe showing epidermis, three wall layers, tapetum and sporogenous cells, 

3. T. S. anther lobe showing epidermis, four wall layers, the tapetum of binuclates cells 

and micros, orocytes. 

4. T, S. anther lobe showing epidermis, three wall layers, tapetum of binucleatc cells and 

uninucleate micros, ^orcs. 

5. T. S. mature half anther showing epidermis, fibrous cndothecium and three celled 

pollen grains. 

6. P. M. G. showing cytokinesis. ' 

7. Tetrahedral pollen tetrad. 

8. Decussate pollen tetrad. 

9. 1-nucleate pollen grain. 

10. l-nuclcate pollen ^rain showing late anaphase, 

11. Pollen grain shoM ing lenticular gcncrativ^e cells and large vegetative cell 

12. 2-celled pollen grain showing the generative cell liberated into the vegetative cytopla m. 

13. 2-ccIled pollen grain. Note the generative cell dividing. 

14. 3-ccllcd pollen grain. 

15-17. Stages in the development of the ovule. 

18. L. S. portion of ovule showing the archesporial cell in metaphase, 

19. L. S. portion of nuccllus showing megasporocy te and four parietal cells above. 

20. L. S. nuccllus showing linear megaspore tetrad. 

21, 22. Mature embryo Sacs. 

23. of the embryo aac ahowing the 2-cc)led proembryo and the peraitting 

24-27. Stages showing the d evclopment of endosperm. 

28. cells magnified to show prominent nuclei, vacuolate cytoplasm and granular 


^^1?: ^ Mamre embr^To.^''' abbreviations see text. 

70, 71. T. S. young and old fruits showing the development of stony endocarp. 

^‘eplMro Note the differention into outer 

cpicarp, middle mesocarp and the inner cnaocarp. 

75. T. S. mature seed showing cotyledons, endosperm a nd seed coats. 

76. L. S. mature seed showing the embryo, endosperm and seed coats. 
n. L. S. portion of the seed coat at the zygote stage. 

f.™d b, te o.,„ " 
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narenchvmatous cells stored with starch grains and an inner cndociirp represented 
b^Fo^ntly lignified cells. At maturity the sterile carpels liecume uicorporu- 

ted into the fruit wall. , » 

Both the integuments take part in the formation of the seed o():its._ At 
maturity, the outer epidermis of the outer integument persists wlule the_ two inner 
layers become pressed. The cells of the outer epidermis oftlic miicr mtegiuueut 
become thick-walled and the inner epidermis differentiates into the cudotlu'luiiu 
which persists in the seed. The cells in between arc crushed. Ihe seed is 
endospermic in all the species. 

The Erythroxylaceae resemble the Linaceae in the following embvyological 
characters ; structure and development of the anther and the male gam(^t()phyte ; 
crassinucellate, bitegmic, anatropous ovules ; single celled archesporium ; Poly- 
gonum type of embryo sac ; early fusion of polir nuclei ; ephemeral nature of 
Ltipodals, nuclear endosperm ; Solanad type of embryogeny and endospermic 
seeds. 


In the uniformity of exine ornamentation and absence of obturator the 
Erythroxylaceae stand apart from memb u's of Linaceae, While the smilarities 
in embryological features indicate a pos uble rtdatiouship betwi^en these families, 
the differences justify their separation into independent families a eonelusion 
supported by findings from floral anatomy (Kao, 19j6) and wood anatomy 
(Heimsch, 1942). 


Summary 

Embryology of ceneaium^E, ecarinatum, E, hint hianuni ^ E. lane emu, 

E. novogratanense, E» novograianense var. huanaca^ E. coca^ndE. moonihas been studied 
in a comparative manner . 

The primary archesporium in the anther consists of two hypodermal ri)ws 
of cells. The differentiated anther shows four to five wall layers beneath the 
epidermis. The hypodermal wall layer develops into the cndothecium with 
characteristic fibrous thickenings ; while the innermost forms the Secretory 
tapetum of binucleate cells. Tannin is abundant in the epidermal cells of the 
anther. The m’scrosporocytes divide in a simultaneous manner ; cytokine lis takt^s 
place by peripheral cleavage furrowing and forms tetrahedral or decussate pollen 
tetrads. The tricolpate pollen grains are shed at 3 -celled stage. 

The ovule is crassinucellate, bitegmic and anatropous with an upwardly 
pointed micropyle which is formed by the inner integument. An endotludium is 
differentiated from the innermost layer of the inner integument. The nucellus is 
elongated. The funicular vascular strand terminates at the base of chahrza. 

The hypodermal archesporium in the ovqle is single celled. Tlic parietal 
cell forms three to four parietal layers. The megaspore tetrad is linear. The 
embryo sac development conforms to the polygonum type. The synergids arc 
hooked and show filiform apparatus. The polar nuclei fuse before fertiluation, 
Antipodals are ephemeral. Entry of the pollen tube is porogamous. 

Endosperm is nuclear. Cytokinesis between endosperm nuclei proceeds in 
a centripetal manner from the mlcropyiar t)the chalazal end. At maturity the 
cells of the endosperm show granular materials. 

Development of the embryo conforms to the Solanad type and keys out to 
the Linum-variation. 

The fruit is a drupe with persistent calyx at base. The loculi of the sterile 
carpels become incorporated in thi fruit wall at maturity. The pericarp at 
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maturity differentiates into epicarp, tnesocarp and endocarp. The seeds are 
endospermic. The seed coats are formed by both the integuments. In the outer, 
integument only the outer epidermis persists and the two inner layers become 
crushed. In the inner integument the thick- walled outer epidermis and the 
endothelium persist while the middle layers are completely crushed. 
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Ecology of soil fungi of cultivated fields* 

. ' _ (km.), Sr’GUjAR^tl ' ’ ^ 

Depariment ofBqtan), Banaras Hindu Uninersity,, Varanask5 

. " [Retefvedon 2nd May, 1967] ^ 

Numerous workers, Gliaudhary. and Sachar' (1934), Gljatak and RoV 
(1939), Jasevoli (192*4),' Jensen (1.931 y, and Piston ir9i30) studied the Soir’fungkr 
flora of cultivated' fields in 'India and abroad: few reseaixbef s' compared' ’th^ 

fungal population of cultivated fields with those of natural soils (Bisby et aL 19'33',^ 
Dixon 1928, Janke and Holzer 1929). Garretfs (1950,1951, 1952), researches 
opened a new era in the study of soil fungi, by correlating the distributipi^i pf fungal 
population with the ecological factors. Later on, the studies pit ecology of Soil 
fungi were carried on in different parts of the world by workers like , Warcup 
(1951), Saksena (1955), TfesiJet tz/. (1954'),' Oiput and 'Ghrtls' '\ 10,57)' Dwivedi 
(I960), Saxena and Sarbhoy (1962) and Mishra (1964)', 

However, in India, the ecology of . th'e^ soil fungi pf cultivated field s vias not 
attempted properly and the fr'ajm'eiitkry information available was far fioin 
complete. It was considered, therefore; worth while to investigate the ecology of 
soil fungal population of cultivated fields of'CiV^r anetimm Linn, and iLinS' emulenta 
Moench. . Meth. the two most imJ)ortanl? leguminous crops^ of India; ^ ; 

Materials and Methods ^ 

Four plots, each of 'dsJutentd and ' mWtwMm, vyerd’ Plots I 
and II in the case 9 ! Lens were outside the Banaras Hindu University campus and 
III and IV^were inside. . In the case ipf ’ ' all the 'plots were dUiated in the 
University campus itself. Except for the plots 1 and 11 of ' ^othors’plot were 
occasionally irrigated. ' * / . . / .j . r; ' . , ^ , . . f, 


The soil samples were collected from the upper 6 ^' of the sbil' and the fungal 
population was assessed by inoculating' jthe./feoil) solution ipf JjlOO/aud InlOOO 
dilutions. „The cdnyentional jdilution-plate. method was follQjiMed, u^ing 'Wakaman's 
medium of the following composition : * . 


, Dextrose, 10 , g.; peptone^ 5 g.j ; KHiEOii I'gG MgSO,i, '7I-LO, .O;.! g.: agar, 
20 g.; distilled water, 1000 cc., Rose Bengal 1:15,000 .i .•( b,;. t> 


The fungal population was recorded after 5-6 days of incubation at 25"G. 

Soil samples collected were analysed for determining the moisture content, pH, 
water-holding capacity, organic matter, nitrate, exchangeable Ca, Mg and phos- 
phate, M.G., W.H.G., exchangeable Ga, Mg and phosphate were determined by 
the methods suggested by Piper (1949) ; pH was determined by Beckman’s electric 
pH meter and nitrate by colorimetric method of Snell and Snell 1948. Organic 
carbon was estimated by phenolamine method and organic matter by multiplvinc 

the organic content by the arbitrary factor, !• 724. we 

localities are tabulated 

ttie iables 1 — H. Ihe data on soil analysis are given in the Tables III— X. 


m 


»P»rt of a the«b approved for the av^ar+o/ Pji.D. degree of Ranaras Hindu University 
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TABLE I 


. -Distribution of Fungal Species in different plots of Lens esculenta 


Fungal species 


PLOTS 

I II III IV 


Mucor luteus Linn. 

Af. hiemalis Wehmer 

Gongronella butleri (Lendn.) Peyronel and Dal Vesco 

Rhizopus nigricans Ehrenberg 

/?• oryzae Went and Gerlings 

Phycomycetous sterile colony 

Pythium debaryanum Hesse 

Zygorhyrichus heterogamus (Vuill). 

ChoanepKora cucurbitarum (Berkley and Ravenel) 
Thaxtar 

C. circinans Nagarishi and Kawakimi 
Cunninghamella blakesleeana Lendner 
Syncephalastrum racemosum (Cohn) Schroeter 
Thielavid terricold (Gilman and Abbott) Emmons, 
Chaetomium terrestre Dwivedi 
C. globosum Kunze 
Melanospora sp. 

JSfeocosmdfpora vasjnfecta E. F. Smith 
Chaetoceratostoma Jongirostre Farrow 
Aspergilltis niduldns (Eidam) Whnt 
A. monte^idensis Talice and Mackinnon 
Penicillium spicuHsporiuni Lehman 
P. brefelBianum Dodge . 

Phoma hipernica Grimes^ O’Coiinor and Cummins 

P. humicola Gilman ancL Abbott 

Macroplmna s-p, . ^ , 

Botryodiplodia sp, ^ ‘ ’ 

Chaetomella raphigera M^, F. Swift 

Trichoderma virile Pers, ex Fr. 

T*. glaucum Abbott 
Aspergillus niger Van Tiegham 
A* terreusHEom 

A* flavus Link • 

A^ candies Link 

A. sydowi fBain., and Sar.) Tlipm & Church 
A. sulphureus (Fres.) I’hom and Church 
A, japon^cus S'diio 
A^ fumigaiifs.. 

Penicillium liumcQla Oudr'"’^'*'^’' 

P* notatii^ Westling * ■ 


+ 


-f* 


+ 

+ 

f 

4. 

4- 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

*}■ 

+ 

+ 
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Table I [contd.) 


Fungal species 


FLOTS 

I n in IV 


P.funiculosum Thom 
P, purpurogenum Stoll 
P, variahile Sopp# 

Paecilomyces fusisporus S aks t 
P. varitoti Bainier 
Acremonium sp. 

Cephalosporium asperum Marchal 
Acrotheca sp. 

Gliocladium finbriatum Gilman & Abbot 
Oedocephalum coprophilum Tnbaki 
Curvularia lunata (Walker) Boedijn 
C, geniculaia (Tracy & Earle) Boedijn 
(7. tuberculata Jain 
Cladosporium herharum (Pers.) Link 
Alternaria tenuis Nees, 

A^ humic ola Oud, 

Papulospora sp. 

Humicola fusco- atra Traaen 
Scolecobasidium ierreum Abbott 
S, constricium Abbott 

Helminthosporium anomalum Gilman & Abbott 
Hormiscium sp. 

Nigrospora sphaerica (Sacc.) Mason 
Fumago sp. 

Periconia sp. 

Teracocosporeum sp. 

Phaeotrichoconis sp. 

Memnoniella echinata (Rivotta) Galloway 

Stachybotrys auraniia Baron 

Fusarium nival e (Fries) Cesati 

F. oxysporum Schlechtendahl 

F, tricinctum (Gda.) Emend 

P. roseum (LK.) Emend 

P. chlamydosporum Wollenweber & Reinking 

Myrothecium varrucaria (Albertini & Schwcinitz 

Epicocuni nigrum Link 

Peitaloiia nionorhinca Speg. 

Sclerotium sp. 

Sterile colony 


4 - 

4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 


Ditmar ^ 


4 

4 


4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

4 


4 

H* 

4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

(*• 

4 


4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

4 

4 

4 


4 

4 

4 

4 

4 

4 

f 

4 

4 

4 

4 

4 

4 

4 

4 

f 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


54 53 51 63 



[ 68 ] 



rABLE II 


Distribution of Fungal Species in Cicer arietmum Plots 


Fungal species 

I 

II 

PLOTS 

III 

IV 

Mucor luteus Linn 

+ 

+ 

4- 

4- 

M. hiemalis Wehmer 

+ 

+ 

4- 

4- 

M, plumbeus Bonorden 

+ 

+ 

4- 

4* 

Gongronella butleri (Lendn.) Peyronel and Dal Vesco 

+ 

+ 

4 . 

4- 

Rhizopus nigricans Ehrenberg 

+ 


4- 

+ 

jR. oryzae Went and Gerlings 

- 



4- 

Sterile phycomycetous colony 

+ 

■f 

4- 

4- 

Zygofhynchus heterogamus (Vnill.) 

+ 


4- 

4- 

Choanephora cucurbitarum (Berkley & Ravenel) Thaxter 



4- 

4- 

Cunninghamella blakesleeana Lendner 

+ 



+ 

Syncephalastrum racemo.^um (Cohn) Schroeter 


+ 

4" 

f 

Pythium debaryanum Hesse 

+ 

-- 


- 

Thielavia terricola (Gilman & Abbott) 

+ 


4- 

4- 

Chaetomium globosum Kunze 


+ 

4- 

+ 

C. terrestre Dwivedi 



4- 


G.funicola Cooke 



4* 

4- 

JVeocosmospora vasinfecta E. F. Smith 

+ 

4- 

4* 

4- 

Melanospora sp. 



4" 


Choetoceratostoma longirostre Farrow 


H- 



Aspergillus nidulans (Eidam) Wint. 

■4* 

+ 

4- 

4- 

Penicillium spiculisporium Lehman 



4* , 

4- 

P. brefeldianutn Dodge 

- 

4- 

4 


Phoma hibernica Grimes, O’Connor & Cummins 


4* 

4* 

4“ 

Chaetomella raphigera M. E. Swift 

-h 


4" 

4" 

Robillarda sessilis Sacc. 


— 


+ 

Botryodiplodia sp. 

+ 

- 

- 


Trie ho derma viride Pers. ex Fr, 

+ 

4- 

4- 


Aspergillus niger Van liegham 

+ 

4- 

4- 

4- 

A. terreiis Thom 

+ 

f 

.f- 

4 . 

A.flavus Link 

+ 

4- 

4- 

4* 

Candidas Link 

+ 


-f 

4 . 

A. Sydowi (Bain, and Sar.) Thom & Church 

- 1 - 

+ 


+ 

A* sulphurous (Fres.) Thom and Church 


4- 

4- 

4- 

A.japonicus Saito 

+ 




A. awamori Nekjawa 


4- 

- 

_ 

A.fumigatus Fres. 

- 


4- 


Penicillium hurnicola Oud. 

+ 

4* 

4- 

4 . 

P. notatum Westling 


4 . 

4” 

4- 

P.Juniculosum Thom. 

+ 

4- 

4* 

4- 

P. purpurogenum Stoll 

+ 

4- 

4- 

4- 

P. rubrum Stoll 


4- 
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Table II [contd.) 


Fungal species 


PLOTS 

I 11 III IV 


P, resirictum Giknan & Abbott 
P. variabile Sopp. 

Paecilomyces fusisporus Saks. 

P. varioti Bainier 
Fusidium sp. 

Acremonim sp. 

Cephalospvrmn coremioides Raillo 
C* acremonium Cor da 
Monilia geophila Oud. - 
Gliocl^dium roseum (Link.) Thom. 

G. Jimbriatum Gilman & Abbott 
Curvularin lunata '\^'alker) Boedijn 

C. geniculata {Tracy and Earle) Boedijn' 

C.pallescens Boedijn 

Cladosporium herbanirn (Pers.) Link. 

Alternaria tenuis Nees. 

A. humicola Oud,- 
Papulospora sp. 

Humicola fusco-atra Traaen 
Siigmella sp. 

Scolecobasidium terreum Abbott 
S. constriUum Abbott 

Helminthdsporium anomalum Gilman & Abbott 

H, Jlagelloideum Atkinson 

Hormiscium sp. - 
Fumago sp. .. 

Mgrospora sphaerica (Sa-cc.) Mason. 
Phaeoirichoconis sp. 

Periconia-^i. 

Stachyhotrys aurantia Baron 


+ 

4 - 


+ 

+ 

4 - 

4 - 

4 * 

4 - 

- 1 “ 

4 

4 

4 


f 


Memnoniella echinata (Rivolta) Galloway 
Tetracoccosporium sp. , ^ 

Fusarium nivale (Fries) Gesati 
F. oxysporum Schlechtendahl 
P. tricinctum (Gda.) Emend. 

P. roseum (LK.) Fmend. 

F chlamydosporum Wolknweber & Reinking 


Epicoccum nigrumrlLink. 

Pestatotiamonorhinca S'peg, 

Sclerotia,^olfsii Sacc. ^ 

Sterile colony .. 4 

. 4 
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f 

4 

f 


4 


4 

4 

4 

4 

4 

-I’ 

4 

4 

4 

4 


4 

4 

4 

4 

4 



f 

, ' tABLE in . . 

Data on analysis of soil samples ofLeas plot 1 



'Date 

Moisture 
content pH 

% 

Water r\ • / Exch. 

capacity ,, M. E. 

or /o 0 / 

/o * /o 

Pbosi 

phate 

parts/ 

nxillion; 

Exch. 

Mg. 

M.E. 

% 

25 

Nov. 

1963 

7-33 

6-85 

43-73 

r-21 

9-65 

24-32 

: 0-99 ■ 

1-43 

10 

Dec, 

1963 

9-90 

6-90 

42-51 

' 1-09 

lO-Oo 

25-42 

0-85, 

; 1;43 

25 

Dec. 

1963 

9-80 

7-00 

44-63 

1-15 

10-23 

25-00 

0-89 

• 1-43 

10 

Jan. 

1964 

6-30 

7-ro 

45-51 

1-11 

H)-05 

24-69 

. 1-PO ■ 

r'52 

25 

Jan. 

1964 

12-20 

7-20 

44*63 

1‘20 

9-90 

24-23 

1-01 • 

1:45 

10 

Feb. 

1964 

11-20 

6-90 

42-79 

1-18 

11-32 

24-80 

0-98 

H52 

25 

Feb. 

1964 

5-42 

6-86 

44-83 

1-20 

11-01 

23-43 

1-02 

.lt42 

10 

Mar. 

, 1964 

6-69 

6-80 

44’63 

1-20 

10-60 

22-65 

1-01 

1-53 

25 

Mar. 

1964 

3.-80 

6-90 

41-72 

1-21 

10-35 

24-63 

1-20 

1-42 

15 

Nov. 

1964 

7-60 

6-85 

41 -25 

1-22 

11-65 

23-24 

0-98 . 

E54 

30 

Nov. 

1964 

3-30 

6-80 

44-52 

1-20 

11-09 

23-32 

0-98 ■ 

1*43 

15 

Dec. 

1961- 

4-20 

6-90 

45-32 

1-22 

■lO-Ol 

24-69 

0-91 

. 1-43 

30 

Dec. 

1964 

5-00 

7-bl 

39-83 

1-30 

10-65 

24-42 

0-90--.. 

, 1-23 

15 

Jan. 

1965 

3-80 

7-10 

36-97 

1-21 

10-.13 

21-42 

0-90 . 

1.-23 

30 

Jan. 

1965 

3-40 

7-00 

41-42 

'1-21 

10-13 

24-53 

1-02 

1-42 

15 

Feb. 

1965 

2-80 

6-90 

43-45 

1-26 

11-65 

22-65 

1 -;oi 

1-32 

28 

Feb. 

1965 

2-80 

6-85 

42-13 

1-31 

11 -.90 

23-01 

0-96.- 

-1-45 






TABLE IV 








Data 

on analysis of soil 

[ samples 

of Lens plot 11 






Moisture 

Water- 

Organic 

NO,/ 

Exch. 

da 

Phos- 

Exch. 


Data 

content 

% 

pH 

holding 

capacity 

matter 

% 

100 g. 

of soil 

M. E. 

0/ 

jlj^ira t e 
parts/ 
million 

Mg. 

M.E. 

% 

25 

Nov. 

1963 

6- 12 

6-70 

42-18 

1-19 

9-00 

24-23 

0-92' 

1-4 

10 

Dec 

1963 

9-90 

7-00 

41-73 

:1-16 

8-90 

23-41 

.0-85, 

1-32 

25 

Dec. 

1963 

9-80 

7-10 

40-19 

.1-11 

9^20 

22-62 

1-20. 

1-48 

10 

Jan. 

1964 

10-90 

7-20 

41-12 

1-12 

10-30 

23-12 

1-10 ■' 

l',68 

25 

Tan. 

1964 

13-12 

6-90 

42-69 

1-11 

;9-60 

24-63 

0-98 ■ 

1-53 

10 

Feb. 

1964 

9-00 

6-80 

42-13 

1-21 

9-89 : . 

23-13 

0-89 . 

i-43 

25 

Feb. 

1964 

7-00 

6*80 

43-13 

.1-10 

10-65 

21-62 

0-86 

1:49 

10 

Mar. 

; 1964 

4-50 

6‘90 

44-62 

1-10 

10,-90 , 

24-42 

0-90. ' 

1-57 

15 

NoP. 

1964 

6-04 

7-00 

45-47 

1-21 

10-65 

23-52 

1-01 

1-68 

, 30 

Nov. 

1964 

4-30 

7-10 

45-12 

1-20 

10-26 

22-73 

.,0-93 

1-52 

15 

Dec. 

1964 

•4-70 

6-85 

33-50 

1-11 

11-36 

21-42 

0-86 ; 

i;f64 

30 

Dec. 

1964 

2-50 

6-80 

44-13 

.1-11 

11-56 , 

■24-63 

1-00 

1''63 

15 

Jan. 

1965 

4-05 

6-90 

44-60 

1-10 

10-65 

22-68 

0-96 , 

ii?02 

30 

Jan. 

1965 

3-10 

7-00 

43-32 

1-12 

10-65 

24-27 

0-86! ' 

.1:63 

15 

Feb. 

1965 

2-30 

7-10 

45-32 

1-10 

9-85 

' 23-42 

1-08' 

;i-'59 

s. 

Feb. 

1965 

2-00 

6-90 

44-41 

1-01 

9-65 

24-51 

0-95 ! 

1-47 




tABLE V 

l)a.ta on analysis (if soil somples of Lens Plot 111 


Date 

Moisture 

content 

pH 

Water 

holding 

capacity 

% 

Organic 

naatier 

/o 

m,j 

100 g. 

of soil 

Excli. 

Ga. 

M. E. 

% 

I’hos. 

pluUc 

parts/ 

million 

Kxcb, 

M. E. 

% 

25 Nov. 1963 

15-80 

6-75 

39-02 

1-21 

10-63 

21-04 

1-75 

0-93 

10 Dec. 1963 

14-60 

6-70 

40*61 

1-20 

11-42 

22-12 

1-71 

0-91 

25 Dfie. 1963 

9-90 

6-95 

41-73 

1-20 

11-63 

22-12 

1-83 

0-95 

10 Jan. 1964 

10-00 

7-10 

42-09 

1-21 

10-41 

.20-31 

1-87 

0-93 

25 Jan. 1964 

9-50 

7-00 

42-75 

1-20 

10-63 

21-19 

1-62 

0-98 

10 Feb. 1964 

5-80 

6-95 

41-29 

Ml 

11-09 

20-05 

1-67 

1-02 

25 Feb. 1964 

4-60 

7-00 

40-18 

1-11 

10-43 

20-36 

1-60 

1-04 

10 Mar, 1964 

2-30 

7-10 

40-63 

Ml 

10-62 

22-85 

1-58 

1-02 

25 Mar. 1964 

1-20 

7-00 

42-63 

M2 

11-43 

20-96 

1-47 

1-02 

15 Nov. 1964 

7-20 

6-92 

40-84 

1-21 

10-63 

19-21 

1-68 

0-93 

30 Nov. 1964 

9-75 

6-90 

41-09 

1-22 

11-08 

19-36 

1-63 

0-98 

15 Dec. 1964 

10-50 

6-80 

42-05 

1-20 

11-64 

19-05 

1-65 

0-94 

30 Dec. 1964 

5-60 

6-85 

41-53 

1-21 

1 1 -08 

20-05 

1 -64 

0:99 

15 Jan. 1965 

4-40 

6-95 

39-64 

1-21 

12-09 

20-90 

1-58 

1-03 

30 Jan. 1965 

4-60 

6-90 

38-69 

1-20 

11-62 

21-03 

1-57 

0-99 

15 Feb. 1965 

3-40 

7- 10 

38-81 

1-22 

11-82 

20-63 

1-68 

0-96 

28 Feb. 1965 

3-10 

7-10 

39-21 

1-21 

11-09 

21-85 

1-63 

1-06 

15 Mar, 1965 

4-20 

7-00 

39-53 

1-21 

11:63 

21-65 

1-63 

1-05 

30 Mar. 1965 

11-80 

7-00 

39-63 

1-22 

11-84 

21-34 

1-65 

0-90 


TABLE VI 

Data on analysis of soil samples Lens Plot IV 

Date 

Moisture 

content 

% 

Water 

Tj holding Organic 

P capacity matter 

0/ 

/o 

N03/ 

100 g. 

of soil 

Exch, 

Ga. 

M. E. 

«/ 

h 

Phos. 

pliaie 

parts/ 

million 

Kxch. 

Mg. 

M. E. 

0/ 

/o 


25 Nov. 1963 

16-80 

6-70 

40-58 

1-31 

8-23 

18-65 

1-38 

0-93 

10 Dec. 1963 

16-00 

6-65 

40-62 

1-29 

9-42 

19-03 

1-47 

0-94 

25 Dec. 1963 

11-90 

7-10 

40-52 

1-21 

10-17 

20-65 

1-03 

1-03 

10 Jan. 1964 

6-66 

7-10 

40-08 

1-21 

9-99 

21-90 

0-98 

1-02 

25 Jan. 1964 

9-00 

6-90 

41-83 

1-20 

1.0 -41 

20-80 

0-96 

0-93 

16 Feb. 1964 

9-40 

6-95 

40-18 

1-21 

10-43 

21-80 

0-96 

0-94 

25 Feb. 1964 

1-00 

7-10 

40-15 

1-11 

10-53 

20-56 

1-33 

0-96 

10 Mar. 1964 

2-00 

7-10 

40-41 

1-10 

10-63 

21-46 

1-52 

0-98 

2§ Mar. 1964 

1-00 

7-10 

40-15 

Ml 

10-53 

20-56 

1-33 

0-96 

15 Nov. 1964 

10-70 

7-00 

39-78 

1-52 

9-43 

20-56 

1-42 

1-03 

30 Nov. 1964 

11-20 

6-90 

39-13 

1-43 

9-82 

21-65 

1-00 

1-02 

15 Dec. 1964 

11-90 

6-90 

40-77 

1-40 

10-44 

20-90 

1-01 

1-04 

30 Dec. 1964 

12-00 

6-85 

44-32 

1-39 

10-32 

21*90 

0-99 

0-94 

15 Jan. 1965 

12*00 

6-90 

42-77 

1-21 

10-83 

20-65 

0-99 

0*97 

30 Jan. 1965 

8-20 

7-00 

42-19 

1-21 

10-34 

20-15 

1-00 

0-96 

15 Feb. 1965 

8-60 

6-90 

41-83 

1-20 

10-27 

20-60 

1-03 

1-11 

28 Feb. 1965 

4-30 

7-00 

40-73 

1-21 

10-43 

20-89 

Ml 

1-02 

15 Mar. 1965 

3-20 

7-10 

43-21 

1-14 

10-82 

20-66 

1-37 

i-06 

SO Mar. 1965 

7*70 

7*10 

42-18 

1-13 

10-81 

21-03 

1-06 

1*01 



TABLE Vil 


Data on analysis of soil samples of Gram plot I 


Date 

Maisture 

content 

0 ' 

70 

pH 

Water ^ 
holding 
capacity 

% 

NO,/ 

100 g. 

of soil 

Exch. 

Ga. 

M. E. 

/o 

Phos- 

phate 

parts/ 

million 

Exch. 

Mg. 

M. E. 

% 

1 Nov. 1963 

12-50 

6-85 

39-62 

1-65 

9-65 

16-43 

1-90 

0*95 

15 Nov. 1963 

9-95 

6-95 

40-03 

1-52 

10-65 

18-32 

1-87 

0-99 

1 Dec. 1963 

9-17 

7-10 

41-73 

1-49 

10-65 

17-42 

2-05 

1-04 

15 Dec. 1963 

8-40 

7-20 

41-51 

1-49 

10-05 

18-24 

2-05 

0-98 

IJan. 1964 

20-90 

6-90 

39-45 

1-35 

9-08 

18-27 

1-96 

0-95 

15 Jan. 1964 

11-00 

7-00 

30-15 

1-21 

10-80 

19-43 

1-87 

0-90 

1 Feb. 1964 

8-00 

7-10 

41-63 

1-20 

9‘65 

19-42 

1-87 

0-85 

15 Feb, 1964 

6*30 

7-20 

40-51 

1-15 

10-23 

19-64 

1-93 

0-25 

1 Mar. 1964 

5-60 

6-90 

39-68 

1-29 

9-65 

20-43 

1-90 

0-82 

15 Mar. 1964 

2-00 

6-90 

39-73 

1-25 

10-85 

20-24 

2-00 

0-70 

10 Nov. 1964 

7-90 

7-00 

32-i9 

1-32 

9-65 

20-43 

1*86 

0-89 

25 Nov. 1964 

8-80 

7-20 

41-57 

1-02 

9-80 

19-62 

1-67 

0-86 

10 Dec. 1964 

8-60 

7-10 

41-77 

1-65 

9-80 

19-62 

1-67 

0-86 

25 Dec. 1964 

10-00 

7-00 

43-62 

1-46 

9-90 

18-42 

1*98 

0-93 

10 Jan. 1965 

10-90 

6-90 

44-07 

1-39 

8-90 

18-42 

1*65 

0-80 

25 Jan. 1965 

5-80 

6-85 

33-63 

1-51 

9-01 

18-42 

2-01 

0-90 

10 Mar. 1965 

1-60 

6-75 

40-53 

1-47 

9*98 

19-30 

1-89 

0-95 

25 Mar. 1965 

7-40 

6-85 

39-51 

1-58 

10-70 

18-31 

1-63 

1-05 




TABLE 

VlII 






Data on analysis of soil samples of Gram plot 11 



Date 

Moisture 

content 

% 

pH 

Water 

holding 

capacity 

% 

Organic 

matter 

% 

NO,/ 

100 g. 

of soil 

Exch. 
Ca. 
M. E. 

/o 

Phos- 

phate 

parts/ 

million 

Exch. 

Mg. 

M. E. 

<y 

/o 

1 Nov. 1963 

13-28 

6-90 

40-63 

1-99 

3-65 

18-25 

1-00 

0-98 

15 Nov. 1963 

11-32 

6-90 

39-92 

1-78 

8-30 

19-42 

1-09 

0-85 

1 Dec. 1963 

6-50 

7-00 

38-55 

1-72 

7-40 

20-63 

0-98 

0-83 

15 Dec. 1963 

5-40 

7-20 

42-13 

1-58 

9-30 

19-42 

1-20 

1-03 

1 Jan. 1964 

16-20 

7-00 

41-63 

1-46 

10-60 

18-25 

1-09 

0-96 

15 Jan. 1964 

13-70 

7-10 

40-51 

1-56 

11-80 

20*43 

1-05 

0-81 

1 Feb. 1964 

11-40 

6-85 

42-18 

1-48 

10-80 

20-63 

1-07 

0-62 

15 Feb. 1964 

8-30 

6-90 

42-63 

1-51 

11-23 

20-27 

1-01 

0-87 

1 Mar. 1964 

6-00 

6-90 

39-63 

1-50 

9-65 

21-00 

1-01 

0-o7 

15 Mar. J 964 

1-09 

7-00 

39-13 

1-43 

7-68 

20-68 

1-08 

0-86 

10 Nov. 1964 

5-70 

6-75 

41-52 

1-96 

7-90 

19-53 

1-08 

1-03 

25 Nov. 1964 

9-07 

7-00 

32-50 

1-89 

8-00 

18-42 

1-05 

1-00 

10 Dec. 1964 

8-80 

7-10 

39-17 

1-77 

8-65 

19-43 

1-08 

0-81 

25 Dec. 1964 

11-50 

7-10 

40-42 

1-76 

10-60 

18-24 

1-02 

0-83 

10 Jan. 1965 

12-50 

6-80 

39-53 

1-67 

9-65 

19-21 

1-07 

0*83 

25 Jan. 1965 

10-00 

7-00 

40-17 

1-64 

10-65 

19-34 

2-01 

0-91 

10 Mar. 1965 

1-50 

6-85 

39-21 

1-49 

10*65 

20-65 

1-06 

0-91 

25 Mar. 1965 

8-80 

6-90 

40-52 

1-49 

10-65 

20-63 

1-09 

0-91 


l 73 ] 



fABLE IX 

bata on analysis of soil samples of Gram plot HI 


Date 


I Nov. 1963 
15 Nov. 1963 
1 Dec. 1963 
15 Dec. 1963 
1 Jan. 1964 
15 Jan. 1964 
1 Ffb. 1964 
15 Feb. 1964 
1 Mar. 1964 
10 Nov. 1964 
25 Nov. 1964 
10 Dec. 1964 
25 Dec. 1964 
10 Jan. 1965 
25 Jan. 1965 
10 Feb. 1965 
25 Feb. 1965 
10 Mar. 1965 
25 Mar.1965 


Moisture 
content pH 
% 

Water 

holding 

capacity 

% 

Organic 

Matter 

0/ 

/o 

NO,/ 

100 g. 

of soil 

E5.-c1i. 
Oa. 
M. K. 
% 

Phos- 

phattj 

parts/ 

million 

Exch. 

Mg. 

M. E. 

0/ 

/o 

15*4 

6-85 

43-18 

1-98 

12-82 

19-90 

1-08 

1-73 

7-4 

6-95 

44-19 

1-98 

11-73 

19-65 

0-97 

1-62 

10*2 

7'00 

42-83 

1-91 

10-62 

20-65 

0-93 

1-72 

6*8 

7-00 

39-72 

1-78 

12-42 

20 90 

1-03 

1-62 

5*3 

6-90 

39-93 

1-89 

10-32 

20-80 

1-06 

1-82 

7*2 

6-90 

41-52 

1-77 

11-43 

20-80 

0-90 

1-82 

4*8 

7-15 

40-63 

1-73 

10-80 

20-80 

0-98 

1-83 

2*9 

7-20 

41-83 

1-70 

10-03 

19-80 

1-02 

1-73 

7*25 

7-15 

42-52 

1-67 

11-48 

18-96 

1-02 

1-73 

6*9 

6-95 

44-44 

1-99 

12-32 

20-45 

0-83 

1-51 

4*1 

7-15 

42-13 

1-97 

11-61 

20-36 

0-89 

1-43 

3*2 

7-20 

38-89 

1-97 

12-42 

21-G.5 

0-91 

1-62 

9*5 

7-15 

38-19 

1-95 

12-62 

18-50 

0-97 

1-52 

11*1 

7-00 

35-65 

1-94 

11-67 

19-65 

0-93 

1-42 

9*5 

7-15 

38-19 

1-95 

12-62 

18-50 

0-97 

1-52 

7*6 

7-)0 

37-86 

1-81 

12-07 

20-32 

1-03 

1-57 

10*1 

7-00 

36-52 

1-88 

12-04 

21-65 

1-02 

1-62 

4*1 

7-15 

37-86 

1-69 

11-62 

19-65 

0-82 

1-53 

9*9 

7-00 

38-92 

1-98 

12-09 

20-65 

0-95 

1’54 


TABLE X 

Data on analysis of soil samples of Gram plot IV 


Date 

Maisture 

content 

% 

pH 

Water 

holding 

capacity 

7o 

Organic 

matter 

% 

NO,/ 

100 g. 

of soil 

Exch. 

Ca. 

M. E. 

0/ 

/o 

Phos- 

phate 

parts/ 

million 

Exch. 
Mg. 
M. £. 
% 

1 Nov. 1963 

14-2 

7-10 

38-62 

2-11 

10-63 

19-65 

1-47 

0-95 

15 Nov. 1963 

8-0 

6-95 

39-01 

1-98 

11-42 

19-03 

1-72 

0*94 

1 Dec. 1963 

7-3 

6-85 

38-93 

1-90 

11*72 

20-65 

1-49 

J-02 

15 Dec. 1963 

5*4 

7-00 

36-62 

1-79 

11-82 

20-90 

1-62 

1-03 

1 Jan. 1964 

5-6 

6-85 

38-41 

1-68 

10-40 

20-80 

1-64 

1*01 

i5Jan. 1964 

6-1 

6*90 

40-06 

1-56 

10-42 

20-65 

1-63 

0*98 

1 Feb. 1964 

4-7 

7-05 

41-93 

1-57 

10-25 

19-65 

1-78 

0*93 

15 Feb. 1964 

2-5 

7-10 

40'45 

1-48 

11-62 

19-69 

1-63 

0*89 

1 Mar. 1964 

1-1 

7-15 

40-42 

1-48 

10-43 

19-95 

1-59 

0*59 

10 Nov. 1964 

6-04 

7-00 

38-86 

2-10 

11-79 

19-65 

1-73 

0*94 

25 Nov. 1964 

3-04 

7-10 

40-25 

2-10 

11-62 

19-60 

1 -52 

0*94 

10 Dec. 1964 

3-80 

7-00 

38-43 

1-98 

10-43 ■ 

20-15 

1-73 

1*02 

25 Dec. 1964 

5-80 

6-85 

40-10 

1-98 

9-68 

21-65 

1-63 

1*01 

10 Jan. 1965 

6-60 

6-95 

38-57 

1-85 

9-47 

20-85 

1-62 

1*06 

25 Jan. 1965 

13-40 

6-90 

39-63 

1-85 

10-46 

21-65 

1-79 

1*02 

10 Feb. 1965 

5-40 

6-95 

39-37 

1-76 

9-27 

20-85 

1-73 

1*73 

25 Feb. 1965 

10-40 

7-00 

40-23 

1-47 

9-43 

19-90 

1-52 

A / IL# 

10 Mar.1965 

4-10 

7-10 

37-41 

1-54 

10-62 

21-85 

1-48 

V/ tJA 

0*93 

25 Mar.1965 

7-1 

6-95 

39-21 

r 

1-48 

9-75 

20-90 

1*59 

0*98 



Result and Oiscussion of Data 

Distribution of the fungi in the Lens plots. — Four, Seven and Forty-three 
species of Phycomycetes, Ascomycetes and Deuteromycetes were obtained from 
plot I. All the Phy corny cetes were isolated infrequently. Except Thielavia tenicola^ 
other Ascomycetes isolated were of infrequent occurrence. Aspergillus rdger^ A. 
terreusy Paecilomyces fvsisporus^ Curvularia lunata, Cladosporium herbarum and Fusariam 
tricinctum were the dominant deuteromycetous forms. 

Plot II harboured 8, 6 and 39 species of Phycomycetes Ascomycetes and 
Deuteromycetes respectively. Except Rhitopus nigricans which was sometimes 
present with high frequency other forms were of rare occurrence. Ascomycetous 
forms obtained from the plot were of infrequent occurrence. The dominent forms 
of Deuteromycetes were almost the same as in plot 1 . 

Plot III harboured, 1 , 8 and 36 species of Phycomycetes, Ascomycetes and 
Deuteromycetes respectively. Mucor luteus^ Rhizopus nigricans and a phycomycetous 
sterile colony were with high frequency, whereas others were isolated infrequently. 
Of the Ascomycetes, only Thielavia terricola was of high frequency and others were 
of occasional occurrence. Trichoderma viride^ Aspergillus niger^ A, fiavus^ PenicUIium 
humicola^ Paecilomyces fusisp or us, Curvularia lunata, Cladosporium herbarum^ 2iiLi6. Fusarium 
tricinctum were the dominant forms amongst the Deuteromycetes. 

Plot IV harboured the highest number of species, i,e. 63 ; 10, Phycomycetes; 
9, Ascomycetes and 44, Deuteromycetes. Mucor liiteus, Rhizopus nigricans and 
phycomycetous sterile colony were obtained with high frequency. Amongst Ascomy- 
cetes. Thielavia terricola shpwed high frequency, whereas others were of occasional 
occurrence. The doniinrnt deuteromycetous species were Aspergillus niger. A, 
terreus^ A, flavus^ Penicillium humicola, Paecilomyces fusisporus. Curvularia lunata^ 
Alternaria humicola^ Cladosporium herbarum and Fusarium nivale (Table I). 

Ten, four and forty ^ two species of Phycomycetes, Ascomycetes and Deutcro- 
mycetes were isolated from plot I of Cicer. Mucor hiemalis, Rhizopus nigricans^ 
Choanephora cucurbitarwn were the only phycomycetous forms with high frequency, 
and others were with a low frequency. Thielavia tenicola^ Chaelomium globosim, 
Ffeo cosmos pot a vasinfecta and Aspergillus nidulans were the ascomycetous forms isolated 
occasionally. Amongst Deuteromycetes, Aspergillus niger^ A. terreus, A. Jlavus^ 
PenicUIium humicola, Paecilomyces fusisporus, Curvularia lunata^ Cladosporium herbarum 
and Fusarium nivale were the dominant ones. 

Plot II harb oured 11, 7 and 38 species of Phycomycetes, Ascomycetes and 
Deuteromycetes respectively. Amongst Phycomycet< s, Rhizopus nigricans was the 
only dominant form. Ascomycett^s forms were isolated infrequently with a low 
frequency. The dominant species of Deuteromycetes were Asptrgillus niger^ A. 
Jiavu<i^ A, terreus^ Penicilliurn humicola^ Paecilomyces Jusisporus^ Curvularia lunata^ Clados- 
porium herbarum and Fusarium nivale. 

Sixty species were isolated from plot III of which 10, 8 and 42 were from 
Phycomycetes, Ascomycetes and Deuieromycetes respectively. Rhizopus nigricans 
was the only dominant lorm amongst the Phycomycetes. Among Ascomycetes, 
Thielavia terricola was the only dominant form, whereas others were vt presented by 
very low J xequcncy. Penicilliurn humuola^ P,notatum^ Paecilomyces Jusisporus, Curvth 
laria lunata, Cladosporium herbaium, Alternaria tenuis and Fusarium iricinclum were the 
dominant forms ol Deuteromycetes. 

Plot IV also possessed the same number of fungal. species as that of plot TIL 
Amongst the Phycomycetes the dominant species were Mucor Rhizopus 
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tlatc II, Effect of moisture coDtent on the non rhizospherc iungal populatipn pf l>ini 
(Plots III and IV oxpcnmontal) 








Plate III, Effect of moisutre content on the non»rhizosphere fungal population of Ciar 
ariitinum (Plots I and II cultivated) 



l^late IV. Effect of moisture content on the non-rhizosphcrc fungal population of Q\cer 
(Plots III and IV experimental] 


nigricans and a sterile phycomycetous colony. Except Thielavia terricola which 
sometimes showed high frequency, 5 Ghaetomium globosurriy C, funicola^ 

Neocosmospora vasinfecta^ Aspergillus nidulans and Penicillium spicii isporum had a low 
frequency. Trichoderma viride, Aspergillus niger^ A, Jlavus, A, ierreiis^ Penicillium humu 
cola, Paecilomyces fusisporus^ Curvularia lunata, Cladosporium herb arum and Fusarium 
nivale were the dominant forms out of the 42 Deuteromycctcs isolated from this 
plot ( Fable II). 


Fungal population in relation to edaphic factors 

As the analysis of the soil samples with regard to W. H. 0., pH, organic 
matter, exchangeable Ca, Mg and phosphate and nitrate at different periods of the 
growing season does not show any significant differences (Tables 111 — ^X), it is 
presumed that there is no correlation between these factors and the fungal popu* 
lation, although the work of Saksena (1955), Dwivedi (1950) showed direct 
correlation between W. H. G., carbonate, exchangeable calcium, magnesium, 
phosphate, nitrate and nitrogen and soil microflora. Kamakrishnau (1955, 1955) 
also concluded that W. H. G., nitrate, nitrogen and'^’phosphate were directly 
correlated with the number of fungi, whereas the ulfect of potassium was not clear. 
Mishra (1^64) observed that W. H. G., organic matter, exchangeable magnesium 
and phosphate and nitrate affected soil microllora directly, wh(;rcas ho could not 
establish any correlation between soil microllora and eax bonatt^ and exchangeable 
calcium. 


^ In the present study, the fungal population showed direct correlation only 
with the amount of moisture available fiom soil ( This work lindn 
of Waksman (1932, I952j, Dixou (1928, and jasevoli (1924). 
Cobb s (19 j 2) work has shown that this correlation may not be dosdy seen to 

fnH Iiidiau coutlitious Ghosh ;ind Duaa (I960) 

and Miishra (1954) observed such a type of direct correlation. 


Summary 

^ investigation into the soil fungal of cultivated lields of Lens esculenta and 
FrFn was undertaken. Fungal population from 4 plots each of the above 

SL^en studied. It has been observed that tliere is not much diH’crence 

between the fungal flora of the two sets of the plots. Howev er, the dominant 
^gal species m the Leas plots were Rhizopus nigricans, Mucor lulcus, Thielama 

F jumculosum, Paecilomyces fustsporus, Curvularia lunata, AUernaria linmicohL GladoUmrium 
lurbarurn, Fusanum nivale and F. tricinclum, wlnu-eas in C'Ler Dluts Im I di 

.he „ois.„re .turns of the soil ha, a prouounoed eS oS" i'u.'S “ 
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